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Background  
 
The Problem: Harm from Heavy Alcohol Drinkinga 
 
Alcohol use has a history which predates recorded history and has been integrated in religious, 
social, economic and political life of almost every civilization up to the present day. 4;5 Besides being a 
drug of pleasure which is linked positively in many ways to celebration, recreation and social 
exchange,6 heavy alcohol use has potentially harmful consequences, which are due to disturbances 
of a wide variety of metabolic functions and organ damage. 7;8 Globally, it has been estimated that 
the burden of disease and injury caused by alcohol is 4.6%, and that almost 4% of all global deaths 
are attributable to alcohol, placing alcohol alongside tobacco as one of the leading preventable 
causes of death and disability. 7;9;10 In Denmark, there is each year at least 3,000 alcohol-related 
deaths. This corresponds to 5% of all deaths. It has been estimated that people who exceed the 
recommended maximum drinking limits die an average of 4–5 years prematurely. 11 Heavy alcohol 
use also causes harm beyond the physical and psychological health of the drinker ranging from 
obnoxious behaviour or nuisance inflicted by intoxicated persons, to more severe consequences such 
as violence, accidents, injuries and fetal alcohol syndrome. 12-15 The economic burden that alcohol 
places upon society is considerable and has been estimated to amount to more than 1% of the gross 
national product in high-income and middle-income countries. 10 
 
 Curbing heavy alcohol use is thus a key public health imperative, both since heavy drinking is 
widespread in most Western societies and because many heavy drinkers are unaware of the 
potential harmful consequences of their consumption and, therefore, not motivated to decrease 
their alcohol use, and because many have never been identified as heavy drinkers. 9;15;16 It has been 
estimated that as many as 80% of problem drinkers are not receiving help, due to a combination of 
missed screening opportunities and stigma associated with alcohol treatment. 17;18 The need for a 
preventive approach to alcohol problems has been supported by epidemiological research which 
shows that the major share of alcohol-related consequences comes from the lesser-drinking majority 
of the population and not from the high-risk group of alcohol dependent individuals. This has been 
termed the ‘preventive paradox’ and it is being used to justify a population strategy of 
prevention. 19;20 The evidence base for effective alcohol policy has been compiled in the authoritative 
book Alcohol: No Ordinary Commodity, which concludes that the most cost-effective strategies 
include taxation that increases prices, restrictions on the physical availability of alcohol, drink-driving 
countermeasures and treatment of drinkers with alcohol dependence and brief interventions with at 
risk drinkers. 21 
  
                                                 
a For definitions, see appendix. 
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The Magnitude of the Problem: Estimating the Prevalence of Different Categories of Problem 
Drinking 
 
A prerequisite for deciding on the needs for preventive measures is a reliable estimate of 
the prevalence of different categories of problem drinking in the general population. 13 The 
epidemiology of alcohol consumption can provide indications of the types of actions that are needed, 
when trying to reduce health problems related to alcohol. 13 A high prevalence of alcohol 
dependence in the general population could indicate the need for policy measures that increase the 
number of effective treatments for dependence. 22 A high prevalence of heavy and harmful drinkers 
could indicate a need to implement preventive measures towards these groups, whereas a high 
prevalence of irregular heavy drinking occasions (known as binge drinking), would direct focus 
towards adolescent and young adults. 7 
 
Most estimates of alcohol consumption in the general population rely on self-reported 
alcohol intake from general population surveys. Self-reported alcohol intake is subject to a number of 
problems, because unhealthy lifestyle factors, such as smoking, obesity, sedentary physical activity, 
and having an unskilled job, a low income and low educational level, are known to be associated with 
non-participation in health surveys. Hence, it is probable that individuals who choose not to 
participate have a higher alcohol intake than individuals who participate. 23-26 As an example, in a 
Swedish primary prevention trial the annual mortality among non-participants was twice that of 
participants during a follow-up period of 11.8 years. 26 However, it must also be borne in mind that 
the response rate alone is a poor indicator of non-response bias, and only if non-response is 
associated with the variables of interest, might the non-response bias prevalence from general 
population surveys. 27;28 In addition, people tend to underreport their consumption, e.g. by not 
including or downsizing heavy drinking occasions. 29  Self-reported alcohol intake in a Danish Health 
Interview Survey has been shown to account for 73% of the alcohol consumed according to sales 
statistics. 30 
 
In Denmark, there is a lack of reliable data on the prevalence of alcohol dependence and 
harmful drinking, because general population surveys have not included questionnaires (e.g. The 
Composite International Diagnostic Interview (CIDI) or the Alcohol Use Disorder and Associated 
Disabilities Interview Schedule — Alcohol/Drug-Revised (AUDADIS-IV)) that can provide prevalence 
estimates of alcohol dependence and harmful drinking. 31 Previous estimates have been extrapolated 
directly from an American survey using the 4th edition of The Diagnostic and Statistical Manual of 
Mental Disorders of the American Psychiatric Association (DSM-IV), and the number of alcohol 
dependent persons was estimated to be 160,000 persons, and the number of Danes having a harmful 
alcohol use to be 190,000. 32;33 By using data from a health interview survey and extrapolating to the 
general population, 14% of adult Danes have been estimated to be heavy drinkers. 34 However, these 
estimates have not taken non-participation into account and, hence, they are likely to be too low. 
Tools, such as The Alcohol Use Disorder Identification Test (AUDIT), 35 have been used to estimate 
different categories of problem drinking, but caution must be exercised when screening instruments 
developed for use in clinical settings are used in population surveys. 36  
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Dealing with the Problem: Brief Alcohol Intervention 
Face-to-face Brief Interventions for Heavy Alcohol Drinking 
 
 The concept of brief intervention was developed as a response to reducing alcohol-related 
harm from heavy drinking. Brief intervention started with research in hospital settings in the late 
1950s and was fuelled by WHO research in the 1970s and 1980s and a dawning recognition that 
treatment of alcohol-related problems needed to be broadened beyond the confines of specialized 
treatment. 37-39 This new population strategy towards alcohol problems comprised the concepts of 
hazardous and harmful drinking (see definitions in appendix) and was a conceptual shift away from 
the traditional dichotomous view of individuals either being alcoholics or not alcoholics. 40;41 
Important was the realisation that many alcohol-related problems do not require specialized 
intervention, and that in the case of milder alcohol problems interventions should be brief and 
should be delivered in non-specialist settings. 39 
 
Consisting of individually directed consultations of short duration, the objective of brief 
intervention is to reduce the individual’s alcohol consumption, with the goal of preventing the 
consequences of that consumption. 39;42 The goal of brief interventions can be twofold: either to 
work as early intervention before the onset of alcohol-related problems (primary prevention) and, 
thus, preventing progression from drinking without manifest problems to a consumption with 
consequences; or to work as secondary prevention directed at persons who have already manifested 
alcohol-related problems, but have not developed alcohol dependence. 43;44 The underlying 
assumption is that, for identified heavy drinkers, reducing overall alcohol consumption or adopting 
safer drinking patterns will reduce the risk for medical, social and psychological problems. 37;45 
 
Within brief interventions two different domains exist: brief interventions for people who are 
actively seeking help for an alcohol problem and brief interventions for non-treatment seeking 
persons. The latter is termed opportunistic brief intervention, because the opportunity is taken, 
when an individual is visiting e.g. a general medical practice, an emergency department or a general 
hospital ward, to try to reduce the level of alcohol consumption, rather than promote total 
abstinence. In this way, brief interventions are carried out by non-specialist personnel among non-
alcohol-dependent drinkers who are not seeking help for an alcohol problem, but who have been 
identified as drinking above the recommended maximum drinking limits. 37;42 The focus of this thesis 
will be on opportunistic brief intervention, subsequently termed brief intervention.  
 
Brief interventions are grounded in social cognitive theory and address, in a structured 
format, the individual's knowledge, attitudes, and skills in relation to drinking in order to encourage 
behaviour change. Typically by using a motivational approach they address the individual’s 
motivation to change drinking habits. 42 Brief interventions do not represent a single form of activity, 
but can be seen as a family of interventions varying in length, style of interaction, intervention 
personnel and setting. 46 Varying definitions of brief interventions have been used in different 
studies 47, but in spite of the diversity in the field of brief interventions, two distinct kinds have 
emerged: brief structured advice and brief forms of motivational interviewing. 48 
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Brief structured advice typically consists of 5 to 10 minutes of feedback, information and advice on 
how to cut down on drinking, often accompanied by self-help material and based on FRAMES 
principles (Feedback of risk, encouraging Responsibility for change, Advice, a Menu of options, 
therapeutic Empathy, and enhancing Self-efficacy). It is typically used in time-limited consultations, 
such as a general medical practice, where screening immediately is followed by intervention. 37;48 
 
Brief forms of motivational interviewing are sometimes termed brief motivational interviewing or 
brief motivational intervention (BMI). 49 BMIs builds on the principles and techniques of motivational 
interviewing. Motivational interviewing is a client-centred and collaborative approach, based on the 
proposition that resolving ambivalence associated with change is key to behaviour change. This is 
accomplished by using five principles: express empathy, support self-efficacy, avoid argumentation, 
roll with resistance, and develop discrepancy. 50;51 BMI usually lasts between 20 and 40 minutes and 
was originally described in the early 1990s.52 BMIs usually lasts longer than brief structured advice 
and often includes follow-up sessions. This form of intervention is typically applied in settings where 
there is more time for intervention and where staff trained in BMI is available. 48 
 
The Evidence for Face-to-face Brief Interventions 
 
During the past 20 years more than 100 randomized controlled trials and 20 systematic 
reviews/meta-analyses have evaluated the efficacy and effectiveness of brief interventions. 21;53 The 
cumulative evidence shows that modest, but clinically significant, reductions in alcohol consumption 
can follow from a brief intervention. Meta analyses have found that brief intervention decreased 
consumption by 12% - 15%. 54;55 Mean differences in alcohol use between intervention and control 
groups at follow-up after typically 12 months have been in the range of 40 g/week, corresponding to 
3-4 standard drinks. 54;55 The majority of the evidence stems from non-treatment seeking populations 
in primary health care settings, 45;47;54-59 but efficacy has also been shown in other settings. 60-64 On 
basis of the amount of positive evidence, screening and brief intervention are now recommended by 
health authorities in several countries 45;65 and by the WHO. 66 
 
 There are several reasons to exercise caution when interpreting the evidence on brief 
interventions. Even though some researchers have declared that the effectiveness of brief 
interventions has been ‘proved beyond reasonable doubt’, 67 persistent problems with 
implementation have been encountered. 68;69 The lack of widespread routine implementation of brief 
intervention has given rise to a call for more translational research which moves the evidence into 
practice. 68;70 Among other things, obstacles to implementation have been explained by general 
practitioners' reluctance to initiate discussion about alcohol with their patients, 71 but also 
organizational factors, such as lack of financial incentives or managerial support, have been 
mentioned in the literature. 68  
 
These problems with feasibility and implementation could also be attributed to the fact that the 
majority of brief intervention evidence consists of efficacy trials which are designed to evaluate 
whether interventions produce effects under optimal conditions, and where providers are well-
trained, closely supervised and interventions are delivered to homogeneous and motivated 
participants (high internal validity). Effectiveness trials which are designed to evaluate whether 
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interventions produce effects when delivered under real-world conditions in natural settings with 
heterogeneous samples (high external validity) would be a more appropriate research design when 
evaluating brief interventions with the prospect of implementation. 72 However, this dichotomy 
(efficacy/effectiveness) is conceptual and in reality much research lies on a continuum between 
efficacy and effectiveness (i.e. pragmatic randomized trials). 73;74 This was illustrated by the latest 
meta-analysis on brief interventions in primary care populations, which classified trials on a scale 
where 0 represented a pure efficacy trial and 12 a pure effectiveness trial. 55 The median score for 
the 25 trials analysed was 9. This classification system has been criticised for being biased towards an 
effectiveness perspective, 75 and a key challenge in interpreting the evidence on brief interventions is 
still to answer questions regarding the magnitude of the efficacy found in clinical trials, and especially 
how this evidence can be translated to real-world effectiveness. 76;77 In line with this, Heather notes 
that ”...brief interventions delivered in naturalistic conditions are probably less effective than 
estimates of effect size based on efficacy trials, which make up the majority of trials reported in the 
literature, would suggest.” 67 (as an example, see 78). 
 
Internet-based Brief Interventions for Heavy Alcohol Drinking 
 
Within the research field of brief interventions there is a growing recognition that many people with 
alcohol problems will never seek face-to-face treatment. This, together with the improved 
capabilities and availability of the Internet, has led to the development of treatment and prevention 
programs delivered via the Internet. These programs, in the following termed Internet-based 
interventionsb, are intended to be integrated into healthcare-, workplace or higher education 
settings. 80;81  
 The growing Internet access in the population, currently 58% for Europe, 78% for North 
America and 30% worldwide, 82 in combination with an alleged gap between need for and access to 
interventions to reduce alcohol intake, has been put forward as arguments for developing Internet-
based interventions for heavy drinkers. 16;83 Internet-based interventions can reach individuals who 
are otherwise unwilling or not motivated to seek help. 84;85 One study showed that when comparing 
the problem drinking populations from face-to-face treatment with those seeking Internet-based 
treatment, the latter comprised more women, higher educated people, employed people, first-time 
treatment seekers and more elderly. 86 The above, in combination with the advantages of the 
Internet setting compared to face-to-face settings (increased access, flexibility of use, low marginal 
cost per additional user, anonymity) means that Internet-based interventions have the possibility of 
overcoming some of the barriers of face-to-face treatment. 87;88 
 
 The field of Internet-based interventions is diverse, ranging from screening and immediate 
feedback on alcohol use to online diaries/blogs, online social support groups and interactive software 
applications. 80;89 Common for many Internet-based interventions is the use of personalized feedback 
on alcohol consumption, based upon the initial screening. This personalized feedback sometimes 
incorporates normative feedback, providing a comparison of the individual’s level of drinking to that 
                                                 
b According to CONSORT-EHEALTH checklist, the term ’Internet-based’ should only be used if an intervention includes non-
web-based Internet components (e.g., email), and the term web-based should be preferred if not. The intervention study 
(cf. study 3) included the use of email; hence, throughout the thesis we will use the term Internet-based interventions. 79 
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of the general population. 80 Normative feedback, which is automatically generated through a 
computer algorithm, can also be tailored to include demographic feedback for sex, age and 
country. 90 Interventions including personalized normative feedback have been found to increase 
motivation to change drinking level by making individuals aware of discrepancies between their 
personal alcohol consumption and social norms. 91-94 Originating in self-regulation theory 95 and social 
learning theories, 94 this approach builds on the assumption that behavioural social norms can be 
influenced and, hence, behaviour change can be triggered by creating an awareness of a perceived 
discrepancy between actual drinking level and the perceived levels of drinking in others. If heavy 
drinkers find no discrepancy they would view their personal behaviour as being normal rather than 
abnormal. 96;97 Hence, by targeting normative misperceptions, normative feedback tries to create 
behaviour change and is assumed to be more effective at reducing drinking than delivering 
standardized feedback in the form of self-help material. 93;98 
 
The Evidence for Internet-based Brief Interventions 
 
The field of Internet-based interventions is a developing one and effectiveness in the area is not well 
established. 80;90 Much of the literature concerning Internet-based brief interventions has been 
descriptive, concerned with general information on program evaluation, application, acceptability 
and usage. 99;100 However, several systematic reviews and meta-analyses have now been published 
where effect sizes in the area of small to medium have been found. 81;89;93;101-103 Limitations in these 
meta-analyses are several methodological flaws in the reviewed trials that caused the authors to 
state that the ability to generalize about the efficacy and utility of Internet-based interventions for 
alcohol use is impeded and, hence, it is not possible to interpret the evidence with any degree of 
certainty. 81;89 Meta-analyses conclude that brief interventions based on normative feedback are 
more effective than those that do not include these features. Small to medium effect sizes have been 
found for brief, single-session personalized feedback interventions. 89;93;102 Khadjesari et al. found in a 
systematic review that Internet-based interventions were more effective than minimally active 
comparator groups at reducing alcohol intake with a mean difference of 26 g of alcohol per week. 81  
Internet-based brief interventions appear to bring about small but meaningful reductions in 
alcohol consumption, but caution should be exercised when interpreting the evidence, as studies are 
limited by small sample sizes, short-term follow-up, few studies in non-student adult populations, 
few comparisons with appropriate control groups and high rates of attrition. 81  
 
Two Different Models for Testing Brief Alcohol Interventions  
 
Face-to-face Brief Intervention 
 
Typically, in primary health care settings time is scarce and hence the intervention duration is 
important. The optimal length of a brief intervention, and especially the exploration of how brief a 
brief intervention can be if it is still to be effective, has been framed as an important research 
question. 69 This is underlined by an average intervention duration of more than one hour in a meta-
analysis of brief forms of motivational interviewing, 58 and by an average intervention duration of 25 
minutes in the latest meta-analysis of brief interventions in primary care populations. 55 This 
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intervention length is far from realistic in most busy healthcare or other settings. 62;104 Making a brief 
intervention a realistic candidate for use in primary healthcare and settings outside this context 
requires a short duration and a brief and simple training of practitioners. 
Furthermore, exploring how the content of brief interventions has an impact on efficacy is 
important, because the evidence for the added benefits of the motivational component in BMIs, 
compared to brief structured advice is unclear. 48 Few brief intervention studies have been 
conducted in the context of general population health surveys 105 and municipal settings. The Danish 
healthcare centres, run by the Danish municipalities, are an obvious setting for conducting brief 
interventions, as they constitute a context where heavy drinking can be addressed in conjunction 
with routine health and lifestyle check-ups of the citizens. 106 This context of delivery has been 
reported to be an appropriate environment for carrying out brief intervention, due to the emphasis 
on health promotion, rather than a medical consultation where a patient presents a usually non-
alcohol related condition. 68 Developing and testing brief interventions with the future objective of 
real-life implementation in this setting requires a perspective that takes both efficacy and pragmatic 
aspects (effectiveness aspects) into account.  
 
Internet-based Brief Intervention 
 
The Internet has expanded the possibilities for conducting brief interventions. One strength of 
Internet-based interventions is their combination of reach and personalisation. 90 A crucial issue 
when doing research in Internet-based interventions is the recruitment of participants. Should 
participants be brought into a face-to-face setting and then recruited, or should recruitment be 
online? 90 We had the possibility of recruiting participants through the Danish Health Examination 
Survey, 107 thus avoiding recruiting participants in an isolated research setting with focus only on 
alcohol. This gave us the advantage of testing an Internet-based intervention, which could be 
described as a hybrid model between an efficacy and an effectiveness study, with focus on important 
aspects such as proper randomization, use of control group and a naturalistic setting of the trial. 108 
This is important; because when developing and testing an Internet-based intervention with the 
prospect of implementation in community or municipal settings, it requires a perspective that 
includes both efficacy (can it work?) and effectiveness (will it work?) aspects. 
 
Hence, through a health examination survey we had the possibility of reaching a non-treatment 
seeking population of heavy drinkers; of recruiting participants in an entirely online environment; 
and of delivering and testing a fully automated personalized intervention. If we were able to show 
that our intervention worked, the Internet-based intervention could be a realistic candidate for use 
in settings outside primary healthcare due to the method of recruitment that can easily be 
implemented and a mechanism that can routinely administer the intervention. 
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Aims of Study 1 
 
The aim of study 1 was to qualify existing estimates of the prevalence of different categories of 
problem drinking (heavy drinking, harmful alcohol use and alcohol dependence), by using data from a 
Danish Health Interview Survey 34 and by applying adjustment for non-participation. Additionally, the 
aim was to describe socio-demographic correlates of heavy drinkers. 
 
Aims of Study 2 
 
The aim of study 2 was to investigate the efficacy of an opportunistic brief motivational intervention 
(BMI) (approximately 10 minutes) in conjunction with a telephone booster session (approximately 5 
minutes), in the context of a Danish Health Examination Survey. 107 Our primary goal was to 
determine whether a BMI resulted in a decrease in alcohol use in a non-treatment seeking 
population of adult heavy drinkers compared with subjects in a control group with a minimal 
intervention. The issue of ‘briefness’ was the key issue in this study, both in relation to the length of 
the BMI and in relation to the training of the practitioners who conducting the BMI. As secondary 
aim, we also wished to determine whether any gender specific effects of the BMI could be found. 
 
Aims of Study 3 
 
In study 3, we compared an Internet-based single-session personalized feedback intervention (PFI) 
with an Internet-based personalized brief advice intervention against a pure control group in the 
context of a Danish Health Examination Survey. 107 We wanted to determine whether a single-session 
personalized feedback intervention and a personalized brief advice intervention resulted in a 
decrease in alcohol use in a non-treatment seeking population of adult heavy drinkers. As a 
secondary aim, we also sought to determine whether the PFI had any gender specific effects, 
especially since ambiguity remains when it comes to differential effectiveness between genders in 
non-internet brief interventions, 47;55;109 and because few Internet-based intervention studies present 
data separately for men and women. 
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Summary of Results 
 
Study 1 
 
We found that the adjusted estimate of the number of heavy drinkers was 860,000 persons. The 
number of persons with harmful alcohol use was 620,000, and the number of dependent drinkers 
was approximately 150,000 persons. The number of heavy drinkers is considerably higher than the 
500,000–600,000 previously estimated for the Danish population. The number of persons with 
harmful alcohol use also exceeds the previously quoted estimate of 190,000 persons. The number of 
dependent drinkers roughly corresponds to the earlier estimates of 160,000 persons (Table 1). 
 
 
 
Table 1. Quantification of the numbers of heavy drinkers, persons with harmful alcohol use and dependent 
drinkers on the basis of data from the Danish Health Interview Survey 2005 (DHIS) 
 
Heavy drinkersa Harmful alcohol useb Dependent drinkersc
Adjusted estimate (95% CI)d 862,876 (672,002 - 1,195,069) 620,301 (439,221 - 944,992) 147,528 (118,196 - 188,384)
 
a Defined as consuming more than 14/21 drinks (12 g of pure alcohol)/week for respectively women and men. Based on the whole DHIS-
2005 population (n=14,566). b Defined as AUDIT-score 4+ in question 7–10. Based on the population (n=5,552) who completed the 
questionnaire containing AUDIT in DHIS. c Defined as AUDIT-score 4+ in questions 4–6. Based on the population (n=5,552) who completed 
the questionnaire containing AUDIT in DHIS. d Adjusted for non-participation. 
 
 
 
The prevalence of heavy drinking was found to be higher among men compared with 
women, and lower among younger men (25–44 years) compared with elderly men (65+ years). 
Household income, length of education, smoking status (smoker or ex-smoker), being single and 
having no children were positively associated with heavy drinking. 
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Study 2 
 
In this randomized controlled trial we found no evidence that a brief motivational intervention (BMI), 
as conducted by our interventionists, was effective. No significant difference was found between the 
BMI and the communication of simple information on alcohol intake and alcohol-related problems by 
means of two pamphlets. From baseline to 6 and 12 month follow-up, alcohol consumption declined 
significantly in both the BMI and the control group with approximately five drinks per week for 
women (Figure 1) and nine drinks per week for men (Figure 2). The intervention effect of the BMI, 
which indicates the mean additional difference in changes of alcohol consumption in the BMI group 
compared to the control group, was −1.0 drinks/week, but the effect was not significant (Table 2). 
 
 We used the Motivational Interviewing Treatment Integrity 3.0 code (MITI) 110;111 as a quality 
control of the interventions delivered and found that the quality of the BMI delivered was sub-
optimal, as only one of four aspects was above the recommended level for beginning proficiency. 
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Figure 1. Alcohol consumption at baseline and 6 and 12month follow-up for women (multiple imputation). 
Notes: Drinks/week, number of standard drinks in a typical week, (95% confidence intervals). One Danish standard drink corresponds to 12 
g of alcohol. BMI: brief motivational intervention. Based on 20 imputed data sets. 
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Figure 2. Alcohol consumption at baseline and 6 and 12month follow-up for men (multiple imputation). 
Notes: Drinks/week, number of standard drinks in a typical week, (95% confidence intervals). One Danish standard drink corresponds to 12 
g of alcohol. BMI: brief motivational intervention. Based on 20 imputed data sets. 
 
 
 
 
 
Table 2. Intervention effects on drinks/week based on random intercept and slope models with imputation for 
missing valuesa 
 
Drinks/week (95% CI) P- value
-1.0 (-2.15, 0.23) 0.114
Difference between baseline
and follow-up for control group
6 month -7.2 (-8.06, -6.36) <0.001
12 month -7.2 (-8.17, -6.32) <0.001
Intervention effects of the BMI
 
 
Notes: Drinks/week, number of standard drinks in a typical week. One Danish standard drink corresponds to 12 g of alcohol.  
CI: confidence interval. a Based on 20 imputed data sets. 
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Study 3c 
 
In this randomized controlled trial we found no evidence that an Internet-based brief personalized 
feedback intervention (PFI) could be effective in reducing drinking in an adult population of heavy 
drinkers. The intervention effect of the PFI was -1.8 drinks/week after 6 months and -1.4 drinks/week 
after 12 months, and non-significant (95% CI: -4.0 to 0.3 / -3.4 to 0.6) (Table 3). The intervention 
effect of the Internet-based personalized brief advice intervention (PBA) was -0.5 drinks/week after 6 
months and -1.2 drinks/week after 12 months, and the effects were not significant (95% CI: -2.7 to 
1.6 / -3.3 to 0.9). From baseline to 6 and 12 month follow-up, alcohol consumption declined 
significantly in both intervention groups and the control group by approximately 6 drinks per week 
(Table 3). 
 
 When analysing only those who participated in follow-up (completers only analysis), we 
observed significant differences between men and women. The PFI only seems to have a significant 
effect for men, where a difference of 3.5 drinks/week can be observed between the PFI and the 
control group at 6 month follow-up (P =0.01) (Figure 3). We also performed a secondary post-hoc 
analysis comprising descriptive statistics for alcohol consumption by gender and group at 6 and 12 
month follow-up with percentage reduction in heavy drinking as outcome. The results are shown in 
figures 4 and 5, where it can be seen that 49% of the participants who took part in follow-up have 
reduced their alcohol consumption to below the recommended maximum drinking limits. However, 
only for men at 6 month follow-up we observed a difference of borderline significance between the 
intervention and control groups (Figure 4).  
 
Table 3. Intervention effects on drinks/week based on a random intercept model with multiple imputation for 
missing valuesa 
 
Drinks/week (95% CI) P- value
Intervention effects of the PFI
6 months -1.8 (-4.0, 0.3) 0.09
12 months -1.4 (-3.4, 0.6) 0.16
Intervention effects of the PBA
6 months -0.5 (-2.7, 1.6) 0.62
12 months -1.2 (-3.3, 0.9) 0.28
Difference between baseline
and follow-up for control group
6 month -4.6  (-6.1, -3.1) < 0.001
12 month -5.5 (-7.0, -4.1) < 0.001
(month*group interaction)
(month*group interaction)
 
 
Notes: Drinks/week, number of standard drinks in a typical week. One Danish standard drink corresponds to 12 g of alcohol.  
CI: confidence interval. PFI: Internet-based brief personalized feedback intervention. PBA: Internet-based personalized brief advice 
intervention a Based on 20 imputed data sets.  
                                                 
c The interventions and control condition along with participant information can be seen at the URL: http://d1m.dk/DANHES, no login is 
needed. [The Danish version can be seen at the URL: http://d1m.dk/KRAM-alkohol/]. 
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Figure 3. Alcohol consumption at baseline and 6 and 12month follow-up for men (completers analysis). 
Notes: Drinks/week, number of standard drinks in a typical week. One Danish standard drink corresponds to 12 g of alcohol. PFI: Internet-
based brief personalized feedback intervention. PBA: Internet-based personalized brief advice intervention. P-value for difference between 
groups (Kruskal Wallis test). 
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Figure 4. Percentage of heavy drinkers at 6 and 12month follow-up for men (completers analysis). 
Notes: P-value for difference between groups (the χ2 test). Heavy drinking is defined as a weekly alcohol consumption above the 
recommended maximum drinking limits, as given by the Danish National Board of Health (21 drinks = 252 g of alcohol for men) 
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Figure 5. Percentage of heavy drinkers at 6 and 12month follow-up for women (completers analysis). 
Notes: P-value for difference between groups (the χ2 test). Heavy drinking is defined as a weekly alcohol consumption above the 
recommended maximum drinking limits, as given by the Danish National Board of Health (14 drinks = 168 g of alcohol for women) 
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Discussion  
 
Implications of the Current Research 
 
Study 1: the Number of Heavy Drinkers in Denmark 
 
 In study 1, we found that the relative difference in the incidence of alcohol-related diseases 
between non-participants and participants was approximately twice as high among non-participants. 
This is likely to have implications when interpreting the prevalence from population surveys with 
attrition, which is likely to be underestimated. Problems with non-participation could be 
hypothesised, as attrition in population surveys is rising. 27 We conclude that by using a relatively 
simple non-participation analysis, it was possible to qualify the existing estimates of the prevalence 
of alcohol drinking in Denmark. Our estimates are likely to be more realistic than previous estimates, 
because we took account of non-participation. A remarkable finding of our research is that 
approximately 860,000 Danes are heavy drinkers; in relation to the Danish population, this means 
that one in five adult Danes can be categorized as a heavy drinker. This calls for the implementation 
of preventive measures towards heavy drinking. 
 
Study 2: the Question of Brevity 
 
 In study 2, we found no effect of the intervention delivered. However, this cannot be used as 
an argument for not conducting brief intervention in a Danish context, as several limitations in study 
2, such as the lack of a pure control group, the sub-optimal quality of the interventions delivered and 
the limited generalizability could be attributing factors in explaining the null findings. However, we 
succeeded in implementing a brief motivational intervention (BMI) in a general population-based 
sample of heavy drinkers and found good indications of acceptability and feasibility of the 
intervention delivered among both participants and interventionists. 112 Furthermore, the study was 
characterized by having an effectiveness dimension, as we conducted the trial in the context of a 
health examination survey 107 and the interventionists had only received one day of training in brief 
motivational intervention. 
 
 The issue of briefness, both in relation to intervention duration and the training of 
interventionists, is an important aspect of study 2, as the brief training of interventionists and the 
brief duration (11 minutes) of the intervention makes it a realistic candidate for use in primary 
healthcare and other settings where there are time constraints. An obvious question, supported by 
the results of the MITI analysis, is if the training in BMI was too brief. It has previously been noted 
that motivational interviewing (MI) is not a simple counselling approach to master, and that 
competence in MI tends to decay quickly unless systematic post-training and supervision takes 
place. 113 However, the length of our training module (one day) is basically very similar to what was 
found in a systematic review of MI training for general healthcare practitioners, where the median 
length in 10 studies was 9 hours. Three studies described MI training lasting 4 hours or less. 113 The 
authors of the review are sceptical towards the proposition that the techniques and principles of MI 
can be learned in such a short space of time. Especially they note that it is difficult to suppress prior 
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counselling habits, including practices that are inconsistent with MI. This could have been the case in 
study 2, as the MITI-analysis revealed that the frequency of statements incompatible with the 
principles of MI (MI non-adherent statements such as advising without permission, confronting the 
client, directing or using imperatives 111) was too high according to the recommended standard for 
beginning proficiency. 
 
How brief can a brief intervention be and still be effective has been framed as an important research 
question. 69 Was the short duration of the BMI (11 minutes on average) we used insufficient in 
reducing alcohol consumption? Our intervention duration was very short compared to a meta-
analysis which investigated the effectiveness of brief interventions in primary care, where the mean 
duration of a brief intervention was more than 20 minutes. 55 From the literature we know that MI 
has been shown to be effective in brief encounters of only 15 minutes. 114 However, in a meta-
analysis of brief forms of MI for heavy drinking the average intervention duration was more than an 
hour and the shortest intervention duration of a study included in the analysis was 15 minutes (one 
study). 58 From the literature, we also know that 5 minutes of brief advice has been found to be 
effective in reducing alcohol consumption. 115;116 But to our knowledge a BMI of 11 minutes has not 
previously been tested towards heavy drinkers, and much could indicate that this intervention length 
was too short to explore the full potential of a BMI. Unfortunately study 2 does not permit to 
conclude on this, due to the lack of a pure control group. The issue of briefness remains crucial to 
brief intervention research. Much suggests that making a brief intervention a realistic candidate for 
use in different settings requires a brief intervention of short duration. In line with this, a population-
based study investigating how brief interventions were delivered in routine practice in Sweden found 
that 94% of the conversations lasted less than 5 minutes. 117  
 
Study 3: the Feasibility and Effectiveness of an Internet-based Intervention 
 
In study 3, interpreting the null result does present some challenges. Even though our primary 
analysis provided no evidence that an Internet-based brief personalized feedback intervention (PFI) 
could be effective in reducing drinking, the difference between the PFI and the control group was 
highly significant in the sensitivity analyses, with a difference of about 3 drinks/week. On one hand, 
according to the primary analysis no statistically significant intervention effects can be observed. On 
the other hand, one could argue that it is not correct to give the impression that an intervention is 
completely ineffective when it is likely to be effective, at least according to the sensitivity 
analyses. 118 
 The design of study 3 can be characterised as containing some effectiveness aspects, which 
relate to the naturalistic setting of the trial (i.e. the participants accessed the intervention in their 
own home). This increases confidence regarding the generalizability of the results. A contributing 
factor to the effectiveness aspect is the method of recruitment and the mechanism of administering 
the intervention that can relatively easily be implemented in different settings. Both the recruitment, 
assessment of baseline alcohol consumption, randomization, consent, tailoring and delivery of the 
intervention and follow-up (with the exception of 12 month follow-up which was supplemented by 
mail) took place in an entirely online environment and was fully automated. This has several 
advantages: once the technological infrastructure has been developed additional costs are low; the 
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fully automated process allows for quick assessment and provision of personalized feedback on 
alcohol consumption on a large number of persons. 98 
 
 The brevity of the personalized feedback intervention (PFI) stands out: it was a single -session 
intervention which, immediately after online consent, was displayed on the screen. We estimate that 
each participant on average used only a couple of minutes on the website. Even though the main 
analysis did not support the efficacy of the PFI, we cautiously conclude, on the basis of the sensitivity 
analyses, that the personalization in conjunction with the normative feedback enhanced the 
attention to the message in the intervention and, thus, gave an indication of decreased alcohol 
consumption in the PFI group. It seems that the potential of encouraging people to become more 
aware of the level and consequences of their drinking, and how their drinking behaviours compare to 
others of a similar social or demographic group, is an applicable insight, both in medical and public 
health settings, when it comes to reducing heavy drinking. 
 
The Implications of Alcohol as an Ambiguous Risk Factor  
 
 When intervening towards heavy drinkers some reflections on alcohol as an ambiguous risk 
factor are appropriate. The picture of alcohol as a risk factor for morbidity and mortality is somehow 
complicated by the known positive somatic effects as well as the beneficial mental and social 
influence of a light to moderate alcohol intake. 119;120 This common knowledge, that alcohol in 
moderation may have overall health benefits, could negatively have affected our population's 
receptivity to a brief intervention, due to a low level of concern about their alcohol use. 
Furthermore, the scientific framing of alcohol consumption in terms of heavy, excessive or problem 
drinking etc. is far from many people’s perception of a ‘normal’ way of drinking alcohol. A scientific 
paradigm of risks and harms associated with heavy drinking may be both incomprehensible and 
incompatible with many people’s everyday practices of drinking as associated with pleasure and 
relaxation.6;112;121 Furthermore, the difficultly of changing lifestyle, such as decreasing alcohol 
consumption, must not be underestimated. Cherished every day routines, such as daily wine 
drinking, has been described as ‘significant routines’, which can be seen as a value-laden and comfort 
creating ritual. 122 
 
Ethical Considerations in Relation to Intervening towards a Non-treatment Seeking Population  
 
 Conducting opportunistic brief interventions gives room for ethical considerations. One 
obvious question is if it is acceptable to give advice on heavy drinking when a person takes part in a 
health examination or visits a general practice for a non-alcohol related problem. The person might 
not be interested in discussing alcohol, and the focus on heavy drinking might be a threat to the 
patient-centred consultation, meaning that a screening process can be agenda setting and, thus, 
remove focus from the problems that caused the visit in the first place. 71;123 A counter argument 
originating from qualitative research is that patients appear to expect more discussion about alcohol 
consumption, and that advice on drinking was provided less frequently than advice on other lifestyle 
behaviours, such as diet, exercise and smoking. 68  Alcohol is indeed a special risk factor and the 
discussion around alcohol easily implies an unwanted moral dimension, 71 which dates far back in 
history. 40 
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Methodological Considerations 
 
Study 1 
The adjustment method we used in study 1 is built on the assumption that differences in the 
incidence of alcohol-related diagnoses between participants and non-participants can be 
transformed into differences in alcohol consumption. A major strength of study 1 is the fact that we 
obtained information from both participants and non-participants from the Danish National Patient 
Registry. A methodological shortcoming was the low incidence of alcohol-related diagnoses in our 
population, which could lead to a low degree of precision for the estimates. However, this was not 
confirmed by the sensitivity analysis. Another limitation of this study concerns the fact that the ICD -
10 diagnoses, alcohol dependence and harmful use, per definition are mutually exclusive. 124 When 
using AUDIT data to estimate prevalence estimates in different categories of problem drinking, the 
possibility of double counting of harmful users and dependent drinkers could occur, because the 
problem drinking categories are not mutually exclusive. This is a potential drawback, as one could 
hypothesize that AUDIT shows a response pattern where affirmative responses to more severe items 
commonly include affirmative responses to easier items, and thus many dependent drinkers may 
also be included in the harmful drinker estimates; this was also confirmed by the results. The 
consequence of this is that one should be aware of not adding up the different estimates to make 
one aggregated estimate for all Danes having a problem with alcohol. 
 
Studies 2 and 3 
When interpreting the results from studies 2 and 3 the issue of external validity has to be taken into 
account. 72;125;126 Firstly, we recruited participants from a health examination survey with emphasis 
on lifestyle issues in relation to diet, smoking, alcohol, and physical activity. 107 We hypothesize that 
participating in a health examination survey may have motivated participants to change their health 
behaviour and may have contributed to decreased alcohol consumption in all groups. Furthermore, 
this is likely to have implications with regards to generalizability, because proactively enlisting heavy 
drinkers (who were not seeking help) may have resulted in a preponderance of heavy drinkers with 
low levels of alcohol-related harm. The participation rate in the Danish Health Examination Survey 
was 10%, and approximately 7% were heavy drinkers, compared to a 20% prevalence estimated for 
the Danish population as a whole (study 1). Furthermore, individuals with the lowest level of 
education, unmarried individuals, and younger persons were underrepresented in our population. 
The low participation rate, the fairly low rate of heavy drinking and the underrepresentation of 
certain groups in our sample raises a concern that our study's sample does not adequately represent 
the general Danish population. Hence, the generalizability of our study's findings to the true 
population is restricted (studies 2 and 3). 
 
 Internal validity is concerned with the extent to which systematic error is controlled for in the 
design and conduct of a trial. 72;76 We strived to ensure high internal validity by ensuring appropriate 
randomisation of participants, by examining if the intervention was delivered according to protocol 
(by using MITI  analysis in study 2) and by conducting suitable statistical analyses (taking account for 
multiple time measurements by using a multilevel linear mixed model 127).  
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 Attrition has previously been identified as a serious threat to both external and internal 
validity in brief alcohol intervention studies. 126 The significant systematic bias that can arise from 
high rates of attrition is worth considering because study subjects may then be a population 
susceptible to intervention (i.e., a case of motivational self-selection). 126  High rates of attrition are a 
common feature of many Internet-based interventions and have been termed ‘The law of 
attrition’. 128;129 When interpreting the evidence on Internet-based interventions, attention should be 
drawn to the methods used to address attrition. 130 By using multiple imputation in our analyses we 
have tried to provide a plausible estimate of what might have been shown if no attrition had 
occurred. 131 In study 3, we observed differential attrition. This could be an area of concern, as it 
could introduce a selection bias, causing imbalance among the previously randomized groups and, 
thus, be a threat to internal validity. Attrition rates in study 2 were acceptable (17%). However, in 
study 3 almost 40% was lost to 6 month follow-up, and 23% was lost to 12 month follow-up. This 
could have consequences when interpreting the results from the 6 month follow-up (completers 
analysis), because we could be dealing with a case of motivational self-selection, meaning a self-
selected sample that is no longer unbiased, and, hence, no clear conclusions regarding the efficacy of 
the intervention can be drawn. 
 
The non-blinded nature of studies 2 and 3 and, hence, assessment effects (intervention 
effects of the research procedures) could also explain part of the significant reductions in alcohol use 
in all groups from baseline to follow-up. This is of interest because when research assessment has 
the potential to positively influence drinking behaviour, as several studies have shown, 132 blurring of 
experimental contrast can happen. This is particularly important for brief interventions, where effect 
sizes are modest. The lack of blinding could also have introduced social desirability bias, defined as 
the under-reporting of socially stigmatised behaviours or over-reporting of socially desirable 
ones. 76;133 The above-mentioned effects may have biased the results towards the null and hence the 
intervention effect may be underestimated. 
 
Assessment effects can be minimized by reducing the burden of assessment, by decreasing the 
number of assessments, by using briefer baseline assessment instruments, such as the AUDIT C 
(consisting of 3 questions), or by conducting studies with a minimal or delayed assessment control 
group. 133 Assessment effects is not only an adverse event to be avoided, but also a phenomenon 
consistent with social learning theory, which posits that assessment of alcohol consumption can raise 
a person’s awareness of risky drinking by creating a discrepancy between current behaviour and a 
normative standard. Central to motivational interviewing and many psychosocial interventions is that 
they rely on such mechanism as the provision of information about risk and normative feedback 
accentuating discrepancies between current and desired behaviour. 134-136 This is in line with the 
findings from study 3 which, in the sensitivity analyses, gave some indications of the efficacy of 
personalized normative feedback. In summary, we need to minimize assessment effects when we 
want to obtain a true estimate in a brief intervention trial and to maximize it when we want to 
enhance desired behaviour change in response to treatment interventions. 135 
The reductions in alcohol use in all groups in studies 2 and 3 from baseline to follow-up 
could also be related to regression to the mean, which is a statistical phenomenon that can make 
natural variation in repeated data look like real change. When observing repeated measurements in 
the same person, observations above the mean of the population are likely to be followed by less 
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extreme observations when measurement is repeated at a later time. 137 The implications of 
regression to the mean in studies 2 and 3 are that the within-group change we observed cannot be 
ascribed to the interventions delivered. 
 
Brief Intervention: Public Health Perspectives 
 
In order to understand the potential impact of brief intervention, one must consider that the changes 
in alcohol consumption resulting from brief interventions are modest, and its advantage lies in the 
aggregation of effects across a large portion of the population and the cost-effectiveness (meaning 
low implementation cost per unit of intervention 138) of this type of prevention. 76  
 
This rationale is in line with the public health perspective on alcohol and the ‘preventive paradox’, 
which states that a shift in the prevalence of heavy drinking will involve a shift in the entire 
distribution of alcohol in a population. 139 The drawback to this is that preventive measures that are 
assumed to bring much benefit to the population in the aggregate give poor incentives to each 
individual and may result in poor motivation to reduce drinking. 140 Herein lies much of the 
controversy which has surrounded brief intervention. 141 This has been described as a tension 
between a utilitarian public health argument, arguing that intervention at the level of the individual 
will lead to large-scale improvement in public health, and between the modest reductions in drinking 
a person receiving a brief intervention is likely to experience. 141 This tension has perhaps best been 
described by Thomas Babor, who quite precisely notes: 
 
 “Unlike clinical medicine, which is orientated almost entirely toward the patient’s 
presenting symptoms, the public health approach assumes that the impact of health 
promotion may go well beyond the individual patient. [...] The challenge of disseminating 
SBI [screening and brief intervention] using these clinical and public health concepts is 
formidable indeed. It is essential to take a public health perspective of long-term, 
gradual change designed to produce measurable improvement in populations over time, 
rather than the clinical imperative to achieve success with every individual patient.” 44 (p. 
684).  
 
 When looking at brief intervention in the context of psychological interventions it is important 
to realise that brief intervention is not a one-time activity that is sufficient per se in permanently 
reducing alcohol consumption. 39 Rather than the resolution of lengthy alcohol problems, brief 
interventions exert marginal influence on hazardous and harmful drinking. 136 Kypri cites McKay et al. 
for saying “...that researchers have unreasonably high expectations of psychological interventions 
when one considers that pharmacological interventions for mental disorders require ongoing 
administration of the active agent and that no one expects long-term change after a single dose.” 142 
However, the treatment effect typically observed in brief interventions is of the same magnitude as 
that achieved with many common medical treatments for chronic conditions. 53 
 The conclusion from the above is that when interpreting the evidence on brief intervention, it 
is important to bear in mind that brief intervention should not be assessed in isolation. Brief 
intervention needs to be considered in the context of a population approach that goes beyond the 
traditional model of clinical medicine focussed on specific diseases and in the broader context of 
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alcohol treatment and alcohol policy, which encompasses strategies such as taxation that increases 
prices, restrictions on the physical availability of alcohol and drink-driving countermeasures. 21 
However, in my point of view, a holistic and prudent look at brief intervention must acknowledge 
that at the population level the impact of brief intervention is limited relative to other policy options, 
even though good evidence for their effectiveness exists; brief interventions are restricted to those 
who use the services within which brief interventions are offered. 21  
 
Future Research 
 
Most brief intervention research has been conducted in primary healthcare settings. Thus it is 
important to investigate further the potential for increased alcohol prevention in settings outside 
primary healthcare. Still, the effects of the setting have not been studied in systematic reviews. 41;69 
Occupational settings have been proposed as a promising place for conducting brief intervention, as 
they serve many clients belonging to age groups with high alcohol consumption. 69  There is a need 
for more research with younger people, as most of the research based on primary healthcare studies 
has reached patients that tend to be older and drink less than the average population. 55;69 This was 
also the case in studies 2 and 3, where younger participants were underrepresented and older ones 
overrepresented. 
 The impact of ultra-brief or ‘minimal’ interventions in the form of conversations lasting less 
than 5 minutes remains to be evaluated. 41 
Research is needed in order to identify the active or essential ingredients of successful brief 
interventions. Hence, there is a need to clarify the role of MI components against brief intervention 
models just delivering information and advice-giving. 48;70;143 Furthermore, the issue of assessment 
reactivity needs to be explored in further detail: how can the behaviour change documented to 
follow from assessing alcohol consumption in brief intervention trials be used in the design of future 
brief intervention trials? 77;132;136 
 We need more studies on how much training practitioners need in order to conduct brief 
interventions building on the principles of motivational interviewing (MI). These studies must report 
with full transparency on the content of the MI training and must also strive to use instruments to 
assess the competence of practitioners, such as the Motivational Interviewing Treatment Integrity 
Code (MITI). 113 
 Despite 50 years of research in brief alcohol intervention, we still need more knowledge that 
can facilitate wider implementation of brief intervention in routine care. As noted by Nielsen, brief 
intervention is only effective as public health strategy if it is implemented widely. 69  This research 
should be in the form of effectiveness or pragmatic trials that could contribute to moving the 
evidence from the many efficacy-orientated trials into practice. Hence, an important challenge still is 
to conduct brief alcohol intervention research under more realistic circumstances. 69;104 More 
research is needed in how to incorporate brief intervention into the health care system so that it can 
routinely be offered to the heavily drinking citizen. 
 When it comes to Internet-based interventions, the lack of randomised controlled trials in 
general population and community settings makes it difficult to generalize findings from the existing 
research. Internet-based interventions appear to be at a crucial point in their development, where 
not only more efficacy studies in general population and community settings are needed, but where 
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also effectiveness trials with regard to implementation in healthcare services are needed. 83 Research 
on Internet-based interventions also needs to encompass qualitative aspects, such as social validity 
or the extent to which the participants like the intervention to which they were assigned. 108  
 
Concluding Remarks 
 
The high number of heavy drinkers in Denmark and the Danish alcohol culture, which has been 
described as liberal, 144 make the targeting of heavy drinkers for the reduction of consumption and 
alcohol-related problems a high priority (study 1). Conducting brief intervention in settings outside 
the primary healthcare system, such as the Danish healthcare centres, could expand the range of 
brief interventions, resulting in a larger number of heavy drinkers being reached.  
 We did not succeed in demonstrating the effectiveness of two different models of brief 
interventions, but we did find good indications of feasibility, such as the high number of persons who 
accepted to enrol in the trial (study 2) and the many advantages related to conducting an Internet-
based brief intervention trial (study 3). 
 Taking a stand on brief interventions could be viewed as a balance between cautious optimism 
and adopting a sceptical attitude, as on one hand brief interventions have the potential for a 
significant population-level impact, as such interventions are cost-effective and can be provided to a 
large number of heavy drinkers. One the other hand, this potential has yet to be fulfilled, as 
problems with implementation have been encountered and, hence, widespread routine use has been 
hampered. In any case, if the object of reducing the burden of heavy drinking must be achieved, brief 
intervention needs to become sustainable in relation to the setting and acceptable for both policy 
makers, clinical leaders and on the ground health care personnel. 77 
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Summary 
 
This thesis is based on three studies. The first study is based on the Danish Health Interview Survey 
2005 and studies 2 and 3 are intervention studies that are part of the Danish Health Examination 
Survey 2007–2008. Heavy alcohol used has potentially harmful consequences for both individuals and 
society. Curbing heavy alcohol use is thus a key public health imperative, because heavy drinking is 
widespread in most Western societies and many heavy drinkers are unaware of the potential harmful 
consequences of their consumption, or not motivated to decrease their alcohol use. As a response to 
reducing alcohol-related harm from heavy drinking, the use of brief interventions towards heavy 
drinkers has been advocated. Consisting of individually directed consultations of short duration, the 
objective of brief intervention is to reduce the individual’s alcohol consumption with the goal of 
preventing the consequences of that consumption.  
 
A prerequisite for deciding on the needs for alcohol preventive measures is a reliable 
estimate of the prevalence of problem drinking in different categories. To provide this, study 1 aimed 
to qualify the existing estimates of the prevalence of heavy drinking, harmful alcohol use and alcohol 
dependence in Denmark by applying adjustment for non-participation. In study 1, we found the 
number of heavy drinkers in the Danish population and the number of people with harmful alcohol 
use to be considerably higher than earlier prevalence estimates. The number of dependent drinkers 
is similar to earlier estimates. We concluded that by using a relatively simple non-participation 
analysis, it was possible to qualify the existing estimates of the prevalence of alcohol drinking in 
Denmark. Our estimates are likely to be more realistic than previous estimates, because we took 
account of non-participation. A remarkable finding of our research is that approximately 860,000 
Danes are heavy drinkers; in relation to the Danish population this means that one in five adult 
Danes can be categorized as a heavy drinker. This calls for the implementation of preventive 
measures towards heavy drinking. 
 
The exploration of how brief, brief interventions can be and still be effective and also how 
the setting of delivery has an impact on efficacy, have been framed as important research questions. 
Making a brief intervention a realistic candidate for use in primary care and other settings requires a 
short duration and a brief and simple training of practitioners. Hence, the aim of study 2 was to test 
if a minimal brief motivational intervention (BMI) (approximately 10 minutes) in a non-treatment 
seeking population of adult heavy drinkers resulted in a reduced alcohol intake. In study 2, we found 
no significant difference between the BMI and simple information on alcohol intake and alcohol-
related problems by means of two pamphlets. We used the Motivational Interviewing Treatment 
Integrity 3.0 code as a quality control of the interventions delivered and found that the quality of the 
BMI delivered was sub-optimal, as only one of four aspects was above the recommended level for 
beginning proficiency. The short duration of the BMI makes it a realistic candidate for use in health 
settings. Important limitations in the study, which could explain the null findings, are the lack of a 
pure control group, the sub-optimal quality of the interventions delivered and the nature of the 
                                                 
d Heavy drikning is defined as a weekly alcohol consumption above the recommended maximum drinking limits, as given by 
the Danish National Board of Health (14 drinks = 168 g of alcohol for women, 21 drinks = 252 g for men). 
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study population and setting. This makes it necessary to exercise caution in generalizing findings to 
other populations. 
 
 The advantages of conducting interventions over the Internet such as flexibility of use, cost-
effectiveness, anonymity and the use of automatically generated personalized feedback, has been 
put forward as arguments for conducting Internet-based brief interventions for heavy drinkers. 
However, existing studies have been characterized by small sample sizes, short-term follow-up, few 
studies in non-student adult populations, and few comparisons with appropriate control groups. In 
study 3, we addressed these shortcomings by comparing an Internet-based brief personalized 
feedback intervention (PFI) (based on normative feedback) with an Internet-based personalized brief 
advice intervention (PBA) against a pure control group. Our aim was to determine whether a single-
session PFI and PBA resulted in lowering of alcohol use in a non-treatment seeking population of 
adult heavy drinkers. We conclude that the main analysis lends no support to the efficacy of 
personalized normative feedback or personalized brief advice, but based on the sensitivity analyses 
we conclude, that the personalization in conjunction with the normative feedback enhanced 
attention to the message in the PFI and, thus, gave indications of decreased alcohol consumption in 
the PFI group. It seems that the potential of encouraging people to become more aware of the level 
and consequences of their drinking and how their drinking behaviours compare to others of a similar 
social or demographic group is an applicable insight, both in medical and public health settings when 
it comes to reducing heavy drinking. 
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Summary in Danish 
 
Denne afhandling er baseret på tre studier. Studie 1 er baseret på Sundheds- og 
sygelighedsundersøgelsen 2005, og studie 2 og 3 er interventionsstudier, som var en del af den 
landsdækkende helbredsundersøgelse, kaldet KRAM-undersøgelsen (2007–2008). 
Alkoholstorforbrug, defineret som et forbrug over genstandsgrænserne, har potentielt skadelige 
effekter for både individer og samfund. At begrænse alkoholstorforbrug er således en vigtig 
folkesundhedsprioritering, både fordi alkoholstorforbrug er udbredt i de fleste vestlige lande, og 
fordi mange storforbrugere er uvidende om de skadelige virkninger af deres alkoholforbrug eller ikke 
er motiveret til at nedsætte deres forbrug. For at reducere alkoholrelaterede skadevirkninger fra 
alkoholstorforbrug er brugen af korte interventioner over for alkoholstorforbrugere blevet anbefalet. 
Korte interventioner består af individ-rettede samtaler af kort varighed, udført med det formål at 
reducere den enkeltes persons alkoholforbrug for at forebygge konsekvenserne af dette forbrug. 
 
 En forudsætning for at kunne afgøre behovet for alkoholforebyggelsestiltag er, at man har et 
pålideligt estimat af problematisk alkoholforbrug i forskellige kategorier. Derfor havde studie 1 som 
formål at kvalificere de eksisterende estimater af alkoholstorforbrug, skadeligt alkoholforbrug og 
alkoholafhængighed i den danske befolkning. Vi fandt, at antallet af storforbrugere og personer med 
et skadeligt alkoholforbrug var betydeligt højere end eksisterende estimater. Antallet af personer 
med alkoholafhængighed var i samme størrelsesorden som det eksisterende estimat. Vores 
estimater er sandsynligvis mere realistiske end tidligere estimater, idet vi tog højde for bortfald. 
Bemærkelsesværdigt er det, at antallet af storforbrugere er ca. 860.000; dette svarer til, at ca. én ud 
af fem voksne danskere kan kategoriseres som storforbruger. Dette nødvendiggør implementering af 
tiltag rettet imod alkoholstorforbrug. 
 
 Udforskningen af hvor korte, korte interventioner kan være og stadig være effektive, og også 
hvordan den ramme, hvori korte interventioner leveres, påvirker effektiviteten, er blevet nævnt som 
vigtige forskningsspørgsmål. For at gøre brugen af en kort intervention realistisk i praksissektoren og 
i andre rammer, kræves en kort varighed af interventionen og en kort og simpel træning af dem, der 
skal udføre interventionen. Således var formålet med studie 2 at afprøve om en minimal kort 
motiverende intervention (ca. 10 minutter) i en population af voksne ikke-behandlingssøgende 
storforbrugere, resulterede i et nedsat alkohol forbrug. I studie 2 fandt vi ingen signifikante forskelle 
mellem den korte motiverende intervention og oplysning om alkohol i form af to 
informationsfoldere. Vi brugte et kodningssystem udviklet til den motiverende samtale (Motivational 
Interviewing Treatment Integrity 3.0 code) til vurdering af kvaliteten i den korte motiverende 
intervention og fandt, at kvaliteten var suboptimal, idet kun ét ud af fire områder var over den 
anbefalede grænseværdi for begynderniveau. Den korte varighed af den korte motiverende 
intervention gør dens potentielle brug realistisk i praksissektoren og i andre sundhedsmæssige 
sammenhænge. Der er visse svagheder ved vores studie, som kan være medvirkende til at forklare 
nulfundet, såsom manglen af en 'ren' kontrolgruppe, den suboptimale kvalitet af den korte 
motiverende intervention samt vores studiepopulation, der stammer fra en helbredsundersøgelse. 
Dette gør, at der skal udvises forsigtighed, når resultaterne generaliseres til andre populationer. 
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 Fordelene ved at gennemføre interventioner over Internettet, såsom fleksibilitet, 
omkostningseffektivitet, muligheden for anonymitet og brugen af automatisk generet personlig 
tilbagemelding, er blevet brugt som argumenter for at gennemføre Internet-baserede korte 
interventioner over for alkoholstorforbrugere. Eksisterende studier har været karakteriseret af små 
stikprøver, deltageropfølgning efter kort tid, få studier i populationer uden for 
universitetssammenhænge og få sammenligninger med velegnede kontrolgrupper. I studie 3 
adresserede vi disse mangler ved at sammenligne en intervention bestående af en Internet-baseret 
kort personliggjort normativ tilbagemelding med en intervention bestående af en Internet-baseret 
kort personliggjort rådgivning op imod en ren kontrolgruppe. Formålet var at afgøre hvorvidt en 
Internet-baseret kort personliggjort normativ tilbagemelding og en Internet-baseret kort 
personliggjort rådgivning resulterede i nedsættelse af alkoholforbruget i en population af voksne 
ikke-behandlingssøgende alkoholstorforbrugere. I studie 3 fandt vi ingen evidens for effekten af 
hverken kort personliggjort normativ tilbagemelding eller kort personliggjort rådgivning, men baseret 
på vores sensitivitets-analyser konkluderer vi varsomt, at personliggørelsen i sammenhæng med den 
normative tilbagemelding gav indikationer på nedsat alkoholforbrug i den gruppe, der modtog kort 
personliggjort normativ tilbagemelding. Det virker, som om der er potentiale i at gøre folk 
opmærksomme på niveauet og konsekvenserne af deres alkoholforbrug og at sammenligne deres 
forbrug med gennemsnittet i befolkningen. Dette er en indsigt, der er anvendelig i sundhedsmæssige 
sammenhænge, når det drejer som om at få folk til at nedsætte deres alkoholforbrug. 
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Appendix 
 
Definitions: Different Categories of Alcohol Consumption 
 
The spectrum of alcohol use extends from moderate- / low risk drinking to heavy drinking, harmful 
use and alcohol dependence with increasing health consequences at the highest levels in the 
pyramid (Figure 6). 145 The areas of the pyramid reflect the approximate prevalence of each category 
(in Western societies).146 The letters refers to definitions below the figure. When looking at figure 6, 
it is important to note that even though the diagnoses alcohol dependence and harmful use are 
diagnostically distinct entities (being either present or absent) and heavy drinking is a category 
denoting a certain amount of alcohol, these diagnoses and categories are scaled along a continuum 
of severity, with no clear-cut points at which they can be said to be absent or present, moderate or 
severe. 16 
 
 
 
 
 
 
 
 
Figure 6. The spectrum of alcohol use. 
 
 
 
 
a) Abstinence is defined as refraining from drinking alcoholic beverages, whether as a matter 
of principle or for other reasons. 147 
 
Alcohol 
dependence 
Harmful use d  
Heavy drinking C  
Moderate- / low risk drinking b 
Abstinence a 
Consequences 
Severe 
Few/None 
Hazardous 
use c 
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b) There is no universally accepted definition of moderate / low risk drinking, one definition 
has been an alcohol intake in the range of 10-19 g alcohol/day for the average adult man 
and less than 10 g for a women. 147;148 
 
c) Hazardous use, heavy drinking and excessive drinking are used interchangeably as non-
diagnostic terms, denoting a pattern of alcohol use that increases the risk of harmful 
consequences for the user and refers to patterns of use that are of public health 
significance despite the absence of any current disorder in the individual user. 147;149  
 
There is no standardized international agreement for the level of alcohol consumption that 
constitutes respectively hazardous use, heavy or excessive drinking. Heavy drinking can be 
defined as a quantity of alcohol consumption that exceeds an established threshold value, 
for example The National Institute of Alcohol Abuse and Alcoholism (USA) defines heavy 
drinking as more than 4 drinks on any day or 14 per week for men and more than 3 drinks 
on any day or 7 per week for women. 149 In this thesis I will use the term heavy drinking, 
defined as a weekly alcohol consumption above the recommended maximum drinking 
limits, as given by the Danish National Board of Health (14 drinks = 168 g of alcohol for 
women, 21 drinks = 252 g for men). 150 
 
d) Harmful use is a diagnosis in the International Classification of Diseases, tenth edition (ICD-
10) and is defined as a pattern of alcohol use that is causing damage to either physical or 
mental health (code: F10.1). 147 
 
e) Alcohol dependence syndrome is a ICD-10 diagnosis and is defined as a cluster of 
behavioural, cognitive, and physiological phenomena that may develop after repeated 
alcohol use, which is defined as meeting three or more of six specified criteria (tolerance, 
withdrawal, craving, relief drinking, neglect of alternative pleasures and persistence 
drinking despite negative consequences). These symptoms must have been present in the 
past 12 months (code: F10.2).147 ICD-10 treats harmful use and dependence hierarchically, 
which means that only individuals without dependence are diagnosed with harmful use. 124 
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Abstract
Aims:A) To qualify the existing estimates of the prevalence of heavy drinking, harmful alcohol use and alcohol dependency by
applying adjustment for non-participation. B) To describe socio-demographic correlates of heavy drinkers. Methods: Data
came from the Danish Health Interview Survey 2005, which included a personal interview of 14,566 individuals (response
rate 66.7 %), and of 5,552 individuals who completed a self-administered questionnaire containing the Alcohol Use Disorder
Test (AUDIT) (response rate 50.9%). Heavy drinkers were defined as consuming414/21 drinks/week (women/men).
Identification of harmful alcohol users and dependent drinkers was based on the score of specific AUDIT questions (harmful
alcohol use a score of 4 in questions 7–10, dependent drinkers 4 in questions 4–6). Adjustment for non-participation was
performed using data from the Danish National Patient Registry. Results: In the Danish population, 20%were heavy drinkers
(862,876 persons 95% confidence interval (95% CI): 672,002–1,195,069), 14% had harmful alcohol use (620,301 persons
95% CI: 439,221–944,992), 3% were dependent drinkers (147,528 persons 95% CI: 118,196–188,384). Being male was
associated with heavy drinking (odds ratio (OR): 1.70; 95% CI: 1.53–1.89), as was being a single male (OR: 1.27; 95% CI:
1.01–1.61) and being a smoker (men: OR: 1.96; 95%CI: 1.67–2.30 / women: OR: 2.08; 95%CI: 1.72–2.52).Conclusions:
The number of heavy drinkers in the Danish population and the number of people with harmful alcohol use is
considerably higher than earlier prevalence estimates. The number of dependent drinkers is similar to earlier
estimates.
Key Words: Adjusting for non-participation, alcohol, alcohol dependency, AUDIT, Denmark, epidemiology, harmful alcohol
use, heavy drinking, non-participation analysis
Introduction
Alcohol dependency and heavy alcohol drinking in
general represent huge public health problems in
most countries worldwide, interfering with many
people’s lives. In addition, excessive alcohol use
leads to numerous diseases, such as liver cirrhosis,
chronic pancreatitis, upper gastrointestinal cancers,
cardiomyopathy, polyneuropathy and dementia.
Furthermore, alcohol is a contributing cause of
many accidents [1]. Thus, approximately 5% of all
deaths in Denmark, similar to other Western coun-
tries, can be attributed to alcohol [2,3]. A prerequi-
site for calculating the burden of morbidity and
mortality attributable to alcohol is a reliable estimate
of the prevalence of alcohol drinking in the general
population. Usually, such estimates are based on self-
reported alcohol intake from general population
surveys. For example, by using data from a health
interview survey and extrapolating to the general
population, 14% of adult Danes are estimated to be
heavy drinkers [4]. However, this number is most
likely underestimated because unhealthy lifestyle
factors are known to be associated with non-
participation in health surveys, and it is therefore
probable that individuals who choose not to partic-
ipate have a higher alcohol intake than individuals
who participate [5–7].
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The number of individuals with harmful alcohol
use in the Danish population (190,000) is estimated
by direct extrapolation from an American survey
[8,9]. The validity of this method is questionable and
the estimate of prevalence of different categories of
problem drinking needs to be qualified.
In this study, we used AUDIT to provide data to
estimate prevalences of problem drinking. The aims
of the present study were to qualify existing estimates
of the prevalence of different categories of problem
drinking (heavy drinking, harmful alcohol use and
alcohol dependency), by using data from a Danish
Health Interview Survey (DHIS) and by applying
adjustment for non-participation. This was done
using register information on alcohol-related diseases
for individuals who were invited but did not partic-
ipate, and for individuals who were invited and
participated. Additionally, the aim was to describe
socio-demographic correlates of heavy drinkers.
Methods
Data were derived from the Danish Health Interview
Survey (DHIS) that is based on a region-stratified
sample of the general adult population (16 years or
older). The sample was drawn at random from the
Danish population using the Danish Civil
Registration System (each Dane has a unique
personal registration number). The Danish Civil
Registration System contains information on sex,
age, address, citizenship and marital status for each
individual. DHIS was carried out in 1987, 1994,
2000 and 2005. The purpose of DHIS is to describe
the status and trends in health and morbidity in the
Danish population and the factors that influence
health status, including health behaviour and health
habits, lifestyles, environmental and occupational
health risks and health resources [10].
In the present study, we used data from DHIS
2005, where 21,832 individuals were invited. Data
were collected through a personal interview at the
respondent’s home, supplemented by one of two self-
administered questionnaires, which was returned by
mail after the interview. One was distributed to half
of the sample (n¼ 10,916), and the other (including
AUDIT) was distributed to the other half of the
sample (n¼10,916).
Data collection
Figure 1 shows the flow chart of DHIS 2005. A total of
14,566 individuals completed the personal interview
(response rate 66.7%). Of these, 7,275 received ques-
tionnaire 2, and 5,552 individuals completed this
questionnaire (response rate 50.9%among sample) [4].
Information on the amount of alcohol consump-
tion during the previous week was given at the
personal interview. Heavy drinking was defined as
drinking more than 14/21 drinks/week among
women and men (according to the sensible drinking
limits given by the Danish National Board of Health)
– one drink contain 12 grams of pure alcohol [11].
Original sample (n=21,832)a
Completed interview 
(n=14,566)
Non-response
(n=7,266)b
Received questionnaire 2 
(n=7,275)
Received questionnaire 1 
(n=7,291)
Non-response 
(n=1,723)c
Completed questionnaire 2 
(n=5,552)
Completed questionnaire 1 
(n=5,686)
Figure 1. Flow chart of the Danish Health Interview Survey 2005.
a21,832 persons, from a region-stratified random sample of the general adult population (16 years or older), were invited to a face-
to-face interview.
bNon-participants who never completed the interview. Used for the adjustment of the heavy drinking estimate.
cPersons who received but never completed questionnaire 2. Non-response used for the adjustment of the harmful and dependence
estimate.
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The Alcohol Use Disorder Test (AUDIT)
AUDIT consists of 10 questions divided into three
domains: three questions covering hazardous alcohol
use (nos. 1–3); three questions covering dependency
symptoms (nos. 4–6); and four questions covering
harmful alcohol use (nos. 7–10). Each question has a
set of responses, with a scoring range of 0–4.
We defined individuals who had an AUDIT score
of 4 in questions 7–10 as having harmful alcohol
use, and individuals who had a score of 4 in
questions 4–6 as dependent drinkers. This classifica-
tion is proposed by the World Health Organization
(WHO) [12]. In boxes 1 and 2 the domains, item
content and questions of AUDITare shown.
Adjustment for non-participation
The prevalence of heavy drinkers was estimated using
the population of 14,566 individuals who completed
the personal interview. The prevalence of harmful
alcohol use and dependent drinkers was estimated
using the population of 5,552 individuals who
completed the questionnaire containing AUDIT.
These prevalences were adjusted for non-
participation based on the assumption that differ-
ences in the incidence of alcohol-related diagnosis
between participants and non-participants (defined
as those who were invited but did not participate) are
equivalent to differences in alcohol consumption
between participants and non-participants as follows:
Pa ¼ P response rateþ R  1 response rate  
Where Pa is the prevalence adjusted for
non-participation, P is the crude prevalence among
Box 2. AUDIT questionsa
The Alcohol Use Disorders Identification Test: self-report version
Questions 0 1 2 3 4
1. How often do you have one drink containing alcohol? Never Monthly
or less
2–4 times
a month
2–3 times
a week
4 or more
times a week
2. How many drinks containing alcohol do you have on a typical day
when you are drinking?
1 or 2 3 or 4 5 or 6 7 to 9 10 or more
3. How often do you have four or more drinks on one occasion? Never Less than
monthly
Monthly Weekly Daily or
almost daily
4. How often during the last year have you found that you were not
able to stop drinking once you had started?
Never Less than
monthly
Monthly Weekly Daily or
almost daily
5. How often during the last year have you failed to do what was
normally expected of you because of drinking?
Never Less than
monthly
Monthly Weekly Daily or
almost daily
6. How often during the last year have you needed a first drink in the
morning to get yourself going after a heavy drinking session?
Never Less than
monthly
Monthly Weekly Daily or
almost daily
7. How often during the last year have you had a feeling of guilt or
remorse after drinking?
Never Less than
monthly
Monthly Weekly Daily or
almost daily
8. How often during the last year have you been unable to remember
what happened the night before because you had been drinking?
Never Less than
monthly
Monthly Weekly Daily or
almost daily
9. Have you or someone else been injured as a result of your drinking? No Yes, but not in
the last year
Yes, during
the last year
10. Has a relative or friend or doctor or other health worker been
concerned about your drinking or suggested you cut down?
No Yes, but not in
the last year
Yes, during the
last year
Total
aFrom Babor et al. [12] (reproduced with permission by World Health Organization (WHO)).
Box 1. Domains and Item Content of the AUDITa
Domains and item content of the AUDIT
Domains Question
number
Item content
Hazardous 1 Frequency of drinking
Alcohol 2 Typical quantity
Use 3 Frequency of heavy drinking
Dependence 4 Impaired control over drinking
Symptoms 5 Increased salience of drinking
6 Morning drinking
7 Guilt after drinking
Harmful 8 Blackouts
alcohol 9 Alcohol-related injuries
use 10 Others concerned about drinking
aFrom Babor et al. [12] (reproduced with permission by World
Health Organization (WHO)).
130 A. B. Gottlieb Hansen et al.
 at Syddansk Universitetsbibliotek on March 8, 2011sjp.sagepub.comDownloaded from 
participants of the survey, response rate is the frac-
tion of invited individuals who participated, R is the
ratio of incidence proportions of alcohol-related
diseases between non-participants and participants.
The adjusted prevalences were calculated in the
following age groups: 16–24 years, 25–44 years,
45–64 years and 65 þ years and extrapolated to the
corresponding Danish population (þ16 years),
where the population as of 1 January 2005 was
4,328,449 persons (2,122,222 men and 2,206,227
women). Finally, 95% confidence intervals (CI) were
calculated from the standard error of R.
Information on alcohol-related diagnoses was
obtained by record linkage to the Danish National
Patient Registry (DNPR), where both participants
and non-participants were followed via the personal
registration number. The DNPR receives informa-
tion about all patients admitted to hospitals in
Denmark, including administrative data as well as
information on treatment and diagnosis. In the
patient registry, diagnoses are classified according
to the international classification of diseases (ICD)
10th revision [13]. Within the time period
1994–2005, first alcohol specific diagnosis was
recorded. The time frame of 11 years was chosen to
ensure an adequate incidence of the relatively rare
alcohol-related diagnoses and because the ICD-10
classification in Denmark was introduced in 1994.
Estimates of the number of heavy drinkers and
persons with harmful alcohol use were adjusted on
the basis of ICD-10 diagnoses of alcoholic liver
disease (K70), alcohol-induced chronic pancreatitis
(K86.0), ascites (R18), malignant neoplasm of liver
and intrahepatic bile ducts (C22) and oseophageal
varices (I85), alcoholic polyneuropathy (G62.1),
degeneration of nervous system due to alcohol
(G31.2), alcoholic myopathy (G72.1), alcoholic
cardiomyopathy (I42.6) and alcoholic gastritis
(K29.2), while estimates of dependency were
adjusted on the basis of ICD-10 diagnosis of
mental and behavioural disorders due to use of
alcohol (F10.0 – F10.9).
The problem drinking categories are not mutually
exclusive, whichmeans that heavy drinkers can also be
categorized as dependent drinkers or as having harm-
ful alcohol use, and dependent drinkers and harmful
drinkers can be categorized as heavy drinkers.
Statistical analyses were performed using SAS
version 9.1. Participants with incomplete informa-
tion on alcohol intake were excluded from the
analysis (n¼ 1,021).
The Danish Data Protection Agency has approved
the linking of the registers and the survey data and all
local confidentiality and privacy requirements have
been met.
Results
Table I presents the baseline characteristics of the
DHIS 2005 population, which consists of 14,566
persons with a median age of 49 years for women and
48 years for men. Women consumed a median of
six alcoholic drinks a week (10th to 90th percentiles,
0–15) and men consumed a median of 13 alcoholic
drinks a week (10th to 90th percentiles, 0–29).
Among men, 73% were married or living with a
partner, 45% had more than 13 years of school
education, 38%were current smokers, and 70%were
employed. Corresponding figures for women were
69%, 38%, 34%, and 62% (Table I).
Table II shows the updated adjusted estimates of
heavy drinkers, persons with harmful alcohol use and
dependent drinkers. Among the participants in
DHIS 2005, 11% of women and 18% of men were
classified as heavy drinkers (620,795), 4.9% of
women and 12.9% of men were classified as having
harmful alcohol use (414,660), and 1.1% of the
women and 2.8% of the men were classified as being
dependent drinkers (85,619) according to AUDIT
definitions. When adjusting for non-participation
and extrapolating directly to the Danish population,
this gives an estimate of 862,876 heavy drinkers (95%
CI: 672,002–1,195,069), 620,301 persons with
harmful alcohol use (95% CI: 439,221–944,992)
and 147,528 dependent drinkers in the Danish
population (95% CI: 118,196–188,384). The
adjusted estimates are based on the ratio of incidence
proportions of alcohol-related diseases between
non-participants and participants, which were twice
as high among non-participants (2.17 (95% CI:
1.25–3.78) among heavy drinkers, 2.00 (95% CI:
1.12–3.60) among persons with harmful alcohol use
and 2.47 (95% CI: 1.77–3.44) among dependent
drinkers). The incidence of alcohol-related diagnoses
Table I. Baseline characteristics of 14,566 persons who partici-
pated in the Danish Health Interview Survey 2005.a
Characteristics
Women
(n¼ 7,490)
Men
(n¼ 7,076)
Sex, % 51 49
Age (years) 49 (24, 72) 48 (25, 74)
Alcohol intake, drinks per weekb 6 (0, 15) 13 (0, 29)
School education 13 years, % 38 45
Employed, % 62 70
Current smokers, % 34 38
Marital status
Married or cohabiting, % 68.6 72.8
Single (unmarried), % 13.8 18.8
Single (previously married), % 17.6 8.4
aContinuous characteristics are shown as medians (10th to 90th
percentiles). b1 drink corresponds to 12 grams of pure alcohol.
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in our population was 176 among non-participants
and 90 among participants.
A sensitivity analysis was performed to assess
whether the length of the time alcohol specific
diagnosis was recorded from the DNPR would
affect the estimates. Using a restriction on the time
(1994–2000) did not substantially change the results
(heavy drinkers: 869,842; harmful alcohol use:
632,713; dependent drinkers: 161,269).
The odds ratios (OR) for heavy drinking show that
men are heavy drinkers more often than women
(OR: 1.70; 95% CI: 1.53–1.89), and that the prev-
alence of heavy drinking is lower among younger
men (25–44 years) compared with elderly men (65þ
years) (OR: 0.72; 95% CI: 0.55–0.95). A lower
prevalence of heavy drinking is seen among women
with less than 13 years of total education (OR: 0.65;
95% CI: 0.53–0.78) and among men with low
income (<E40,323/year) (OR: 0.74; 95% CI: 0.59–
0.93), compared with persons with high education
(13þ years) and high income (E80,511/year).
Marital status and children are associated with
heavy drinking, as a higher prevalence is present
among unmarried men compared with married men
(OR: 1.27; 95% CI: 1.01–1.61) and among persons
without children compared with persons with chil-
dren (men: OR: 1.80; 95% CI: 1.49–2.18 / women:
OR: 1.40; 95% CI: 1.10–1.78). A higher prevalence
of heavy drinking is also seen among present smokers
(men: OR: 1.96; 95% CI: 1.67–2.30 / women: OR:
2.08; 95% CI: 1.72–2.52) and ex-smokers (men:
OR: 1.36; 95% CI: 1.13–1.63 / women: OR: 1.56;
95% CI: 1.26–1.93) compared with non-smokers
(see Table III).
Discussion
Summary of the main findings
In this study the adjusted estimate shows that the
number of heavy drinkers is 860,000 persons. The
number of persons with harmful alcohol use is
620,000 and the number of dependent drinkers is
approximately 150,000 persons. The number of
heavy drinkers is considerably higher than the
500,000–600,000 previously estimated for the
Danish population [4]. The number of persons with
harmful alcohol use also exceeds the previously
quoted estimate of 190,000 persons [9]. The
number of dependent drinkers roughly corresponds
to the earlier estimates of 160,000 persons [9]. The
existing estimate of the number of Danes having a
harmful alcohol use (190,000) was extrapolated
directly from an American survey using the
Diagnostic and Statistical Manual of Mental
Disorders, fourth edition (DSM-IV) abuse category
[8,9]. Extrapolating American numbers into a
Danish context and translating DSM-IV abuse into
harmful alcohol use is not unproblematic [14]. In this
respect, using AUDIT questions 7–10 to define
harmful alcohol use and adjust for non-participation
seems to give a more qualified estimate.
Various socio-demographic factors in relation to
heavy drinking were also examined. The prevalence
Table II. Quantification of the numbers of heavy drinkers, persons with harmful alcohol use and dependent drinkers on the basis of data
from the Danish Health Interview Survey 2005 (DHIS)
Heavy drinkersa Harmful alcohol useb Dependent drinkersc
Men
%, n 18.0 (1259) 12.9 (311) 2.8 (68)
Estimate extrapolated to
the Danish population
383,482d 302,449d 61,443d
Women
%, n 10.7 (795) 4.9 (132) 1.1 (29)
Estimate extrapolated to
the Danish population
237,313d 112,161d 24,176d
Total
%, n 14.4 (2054) 8.9 (443) 2.0 (97)
Estimate extrapolated to
the Danish population
620,795d 414,660d 85,619d
Adjusted estimate (95% CI)e 862,876
(672,002–1,195,069)
620,301
(439,221–944,992)
147,528
(118,196–188,384)
aDefined as consuming more than 14/21 drinks (12 g. of pure alcohol)/week for respectively women and men. Based on the whole DHIS-
2005 population (n¼ 14,566). bDefined as AUDIT-score 4þ in question 7–10. Based on the population (n¼5,552) who completed the
questionnaire containing AUDIT in DHIS-2005. c Defined as AUDIT-score 4 þ in question 4–6. Based on the population (n¼ 5,552) who
completed the questionnaire containing AUDIT in DHIS-2005. d Age standardized. e Adjusted for non-participation.
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of heavy drinking was found to be higher among men
compared with women, and lower among younger
persons (25–44 years) compared with elderly persons
(65þ years). Household income, length of education,
smoking status (smoker or ex-smoker), being single
and having no children were positively associated
with heavy drinking. Some of these socio-
demographic factors correspond to previous findings,
with regard to higher drinking prevalence among
men [15], but there is a lack of consistency in
research that has investigated the relationship
between socio-demographic factors and volumes of
alcohol consumed [16]. In one multinational study of
alcohol use in 15 countries, Bloomfield et al.
concluded that in five European countries women
of higher educational status were more likely to be
heavy drinkers compared with women of medium or
lower educational status. With regard to men the
prevailing pattern was that those of lower educational
attainment were more likely to be heavy drinkers than
those of higher educational attainment [17].
Methodological considerations
A major strength of our study is the fact that we
obtained information from non-participants from the
Danish National Patient Registry. Especially when
non-participation is systematically related to the
variables of interest (alcohol drinking), the potential
bias of non-participation needs to be analyzed [6].
Our adjustment safeguards against the well-known
biases that persons with the most severe health and
alcohol problems are the most likely to decline to
Table III. OR for heavy drinkinga for the 14,566 persons who participated in The Danish Health Interview Survey 2005
Men Women
Crudeb Adjusted for all factorsc Crude Adjusted for all factors
OR 95% C.I. OR 95% C.I. OR 95% C.I. OR 95% C.I.
Gender 1.78 (1.16–1.97)e 1.70 (1.53–1.89)e 1.00 (reference) 1.00 (reference)
Age (years)
16–24 1.50 (1.15–1.96)d 1.33 (0.94–1.89) 1.10 (0.78–1.54) 0.83 (0.53–1.29)
25–44 0.68 (0.57–0.83)e 0.72 (0.55–0.95)d 0.76 (0.60–0.96)d 0.74 (0.52–1.04)
45–64 1.19 (1.00–1.42)d 1.05 (0.84–1.31) 1.48 (1.19–1.83)d 1.27 (0.97–1.66)
65 þ 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
School education
Pupil 0.82 (0,40–1.65) 0.98 (0.48–2.01) 1.96 (0.99–3.88) 1.76 (0.87–3.57)
<13 year 1.00 (0.88–1.15) 1.01 (0.88–1.17) 0.70 (0.59–0.84)e 0.65 (0.53–0.78)e
13þ year 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Total income of family (E)
<40,323 /year 0.97 (0.80–1.16) 0.74 (0.59–0.93)d 0.83 (0.66–1.03) 0.78 (0.59–1.02)
40,323–80,511/year 0.98 (0.84–1.15) 0.90 (0.76–1.06) 0.80 (0.65–0.97)d 0.78 (0.63–0.96)d
80,645þ/year 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Employed
No 0.94 (0.78–1.12) 0.88 (0.73–1.06) 1.13 (0.93–1.37) 1.25 (1.01–1.55)d
Yes 1.00 (reference) 1.00 (reference) 1.00 (reference 1.00 (reference)
Marital status
Single (unmarried) 1.52 (1.24–1.87)e 1.27 (1.01–1.61)d 1.43 (1.10–1.86)d 1.23 (0.91–1.67)
Single (previous married) 1.10 (0.87–1.39) 1.02 (0.80–1.31) 0.83 (0.66–1.04) 0.79 (0.61–1.02)
Cohabitation 1.18 (0.97–1.43) 1.03 (0.84–1.26) 0.91 (0.70–1.18) 0.83 (0.63–1.08)
Married 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Children <15 year
No children 1.84 (1.54–2.19)e 1.80 (1.49–2.18)e 1.38 (1.10–1.74)d 1.40 (1.10–1.78)d
1þ children 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Smoking status
Yes 1.94 (1.66–2.27)e 1.96 (1.67–2.30)c 1.95 (1.62–2.4)e 2.08 (1.72–2.52)e
Ex-smoker 1.35 (1.12–1.62)d 1.36 (1.13–1.63)d 1.54 (1.25–1.91)e 1.56 (1.26–1.93)e
Never 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
aDefined as consuming more than 14/21 drinks (12 g. of pure alcohol)/week for respectively women and men.
bAdjusted for gender and age.
cAdjusted for gender, age, school education, income, employment status, marital status, children and smoking status.
dP<0.05.
eP<0.001.
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participate in population surveys [5–7]. The adjust-
ment method is built on the assumption that
differences in the incidence of alcohol-related diag-
nosis between participants and non-participants can
be transformed into differences in alcohol
consumption. However, individuals with a similar
degree of alcohol dependency or harmful alcohol
use may not be equally prone to referral to hospital
for these conditions, especially because alcohol
problems are often stigmatized by healthcare
professionals, and this may affect how often
patients are given an alcohol-related diagnosis or
referred for treatment [18]. One study indicates
that perceptions about public stigma are highly
prevalent among individuals in need of alcohol
treatment [19]. Also, the fact that alcohol problems
often remain undetected in hospital inpatients
could contribute to a bias. In hospital studies
where all new patients were screened for alcohol-
ism, the physicians’ identification of alcohol-related
problems in screen-positive patients were typically
less than 50% [20,21]. The abovementioned facts
may lead to low sensitivity for alcohol-related
diagnoses, but will probably not affect our result,
as this is the case for both participants and
non-participants registered in the DNPR.
A methodological shortcoming of this study was
the low incidence of alcohol-related diagnoses in our
population. Still, the result of the sensitivity analysis
performed, using the time period 1994–2000, did not
substantially change the results (heavy drinkers:
869,842; harmful alcohol use: 632,713; dependent
drinkers: 161,269). The result of this restriction
suggests that the estimates are robust.
Another limitation of this study concerns the fact
that the ICD-10 diagnoses, alcohol dependence and
harmful use per definition are mutually exclusive
[14]. When using AUDIT data to estimate preva-
lence estimates in different categories of problem
drinking, the possibility of double counting of harm-
ful users and dependent drinkers could occur,
because the problem drinking categories are not
mutually exclusive. This is a potential drawback, as
one could hypothesize that AUDIT shows a response
pattern where affirmative responses to more severe
items commonly include affirmative responses to
easier items, and thus many dependent drinkers may
also be included in the harmful drinker estimates.
This was also confirmed by the results, which showed
that 57% of the dependent drinkers were included in
the heavy drinking estimate, and 39% of the harmful
drinkers were included in the heavy drinking esti-
mate. The consequence of this is that one should be
aware of not adding up the different estimates to
make one aggregated estimate for all Danes having a
problem with alcohol.
In this study, we chose to focus on the participant’s
scores for specific questions, instead of focusing on
the total AUDIT score. Thus, for example, scores
within questions about withdrawal symptoms (ques-
tion 6) and the experience of not being able to stop
drinking (question 4) indicate dependence, and
points within questions about guilt after drinking,
blackouts, alcohol-related injuries and other
concerns about drinking (item 7–10), indicate
having harmful alcohol use (see box 1) [12]. The
theoretically well-established tri-dimensional con-
struct of ‘‘consumption’’, ‘‘dependence’’ and
‘‘harm’’ model has also been used by previous
studies, but has been much discussed [22–26].
Some studies conclude that a two-factor model is
preferable, including a consumption factor (items
1–3) and a problem factor (items 4–10) [25,27].
However, in cultures, where drinking is part of
everyday life, a two-factor solution may not be
preferable, because frequency of drinking would
carry heavily in the total AUDIT score and, there-
fore, should not be used as an indicator of drinking
problems [28]. Overall, since much research has
shown that AUDIT cannot be viewed as a one-
dimensional instrument (even though it is typically
used as such), it seems reasonable not to use the full
instrument and instead use certain scores in different
items to screen for dependence or harmful use.
However using a screening instrument like AUDIT,
with the cut-off of 4þ in items 7–10 and 4–6,
respectively, instead of a diagnostic instrument, also
raises some areas of concern. No studies, to our
knowledge, have investigated the validity and reli-
ability of this cut-off in population studies. It could be
argued that screening questionnaires developed in
clinical settings are not automatically suitable for
population surveys and hence structured diagnostic
evaluations based on a ‘‘gold standard’’ (such as
ICD-10 or DSM-IV) should be carried out to
provide clear estimates of validity and reliability
[23,29]. However such a diagnostic procedure
would be too comprehensive in the context of this
study, and therefore we must rely on the AUDITas a
tool to provide prevalence estimates, even though
data of screening measures in the general population
have to be interpreted carefully [23,29]. The overall
benefits of using AUDIT as an epidemiological tool
for estimating prevalences of different categories of
problem drinking are multiple. AUDIT is easy to
administer as a survey instrument, and it is short and
easy to score. Future research is needed to investigate
the validity and reliability of the abovementioned
4þcutoff in population studies.
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Public health aspects and implications of the findings
By using a relatively simple non-participation analy-
sis, it was possible to qualify the existing estimates of
the prevalence of alcohol drinking in Denmark. Our
estimates are likely to be more realistic than previous
estimates, because we took account of non-participa-
tion. By doing this, a bias of non-participation was
quantified, as the relative difference in incidence of
alcohol-related diseases between non-participants
and participants were approximately twice as high
among non-participants.
The estimates found in this study can be seen as an
important indicator of the level of alcohol use in a
population. Epidemiological assessments of the
public health importance of different categories of
problem drinking can provide important information
on prevention needs. As an example, a remarkable
finding of our research is that approximately 860,000
Danes are heavy drinkers; in relation to the Danish
population, this means that one in five adult Danes
can be categorized as heavy drinkers. This calls for
the implementation of preventive measures towards
heavy drinking.
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Abstract — Aims: To test if a brief motivational intervention (BMI) in a non-treatment seeking population of heavy drinkers results
in a reduced alcohol intake. Methods: Screening of 12,364 participants in a Danish health examination survey led to 1026 heavy
drinkers of whom 772 were included and randomized to a BMI group (n = 391) or a control group (n = 381) receiving two leaflets
about alcohol. Follow-up took place after 6 and 12 months including 670 and 616 participants respectively. The outcome measure
was self-reported weekly alcohol consumption. Data were analysed according to the intention-to-treat principle. We used the
Motivational Interviewing Treatment Integrity 3.0 code (MITI) as a quality control of the interventions delivered. Results: The inter-
vention effect of the BMI was −1.0 drinks/week, but the effect was not significant. The MITI analysis showed that the quality of the
BMI delivered was sub-optimal, as only one of four aspects was above the recommended level for beginning proficiency.
Conclusion: We found no effect of a BMI in reducing alcohol consumption. The generalizability of the study is questionable, as
individuals with the lowest level of education, low income and unmarried individuals are under-represented.
INTRODUCTION
Long-term heavy alcohol intake is associated with numerous
somatic and psychiatric conditions (Schuckit, 2009).
Additionally, heavy alcohol use causes social harm such as
having a negative impact on the drinkes family (Casswell
et al., 2011). Other externalities of heavy alcohol use include
increased levels of violence and traffic injury (Room et al.,
2005). On the population level, the majority of alcohol-
related harm is not due to drinkers with alcohol dependence,
but a result of a much larger group of drinkers whose con-
sumption causes an increased risk of alcohol-related harm
(Poikolainen et al., 2007). It has been estimated that ~20%
of the adult Danish population are heavy drinkers (Gottlieb
Hansen et al., 2011). Hence, the need is obvious for an effec-
tive preventive approach to reduce heavy drinking. For this,
brief interventions have been advocated (Whitlock et al.,
2004; Kaner, 2010). Brief interventions can be defined as
consultations of short duration (one to four sessions) under-
taken by healthcare personnel, with the aim of motivating
high-risk drinkers to moderate their alcohol consumption,
rather than promote total abstinence. Brief interventions com-
monly target people who are not dependent and not seeking
treatment, which seems to be important as only few of those
who are heavy drinkers acknowledge themselves as having a
problem with alcohol (McLellan, 2007; Saitz, 2010).
Systematic reviews of controlled trials show that clinically
significant reductions in alcohol consumption can follow
from opportunistic delivered brief interventions. Evidence is
strongest for primary care populations (Beich et al., 2003;
Ballesteros et al., 2004a; Bertholet et al., 2005; Kaner et al.,
2007), but efficacy has also been shown in health screening
programmes in general populations (Kristenson et al., 1983;
Nilssen, 1991, 2004) and student settings (Carey et al.,
2007). Evidence for emergency departments and hospital set-
tings is mixed (Field et al., 2010) or inconclusive (McQueen
et al., 2009). Brief interventions do not represent a single
form of activity, but can be seen as a family of interventions,
and sometimes brief interventions adopt the principles and
techniques of motivational interviewing (MI), and are hence
termed brief motivational interventions (BMI) (Rollnick
et al., 1992; Heather, 2010; Rollnick et al., 2010). Including
a motivational component in brief interventions has shown
to be an efficacious strategy for reducing alcohol consump-
tion (Vasilaki et al., 2006; Carey et al., 2007). However, an
important question concerns the optimal duration of a BMI
and especially the exploration of how brief BMI can be and
still be effective (Nilsen, 2010). This is underlined by an
average intervention duration of more than 1 h in a
meta-analysis of BMI (Vasilaki et al., 2006), and by an
average intervention duration of more than 20 min in the
latest meta-analysis of brief interventions in primary care
populations (Kaner et al., 2007). Exploring how the content
and setting of delivery of brief interventions have an impact
on efficacy is important, both because the evidence for the
added benefits of the motivational component is unclear and
because the evidence base for very brief forms of BMI (<15
min) outside student settings is unclear (Heather, 2010).
Furthermore, in Denmark, BMI studies targeting heavy drin-
kers in settings outside primary health-care remain untested.
The aim of the present study was to investigate the effi-
cacy of an opportunistic BMI (~10 min) in conjunction with
a telephone booster session (~5 min), in the context of a
Danish Health Examination Survey (DANHES) (Eriksen
et al., 2011). The booster session was included because it
could serve as a prompt to maintain behaviour change
efforts. Previous studies have shown that this approach can
help maintain and enhance effects of interventions (Botvin
et al., 1995). Our primary goal was to determine whether a
BMI, resulted in lowering of alcohol use in a non-treatment
seeking population of heavy drinkers, compared with
subjects in a control group with a minimal intervention. As
secondary aims, we also wished to determine if any gender-
specific effects of the BMI could be found, especially
because ambiguity remains when it comes to differential
effectiveness between genders. Two meta-analyses found
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that brief interventions were equally effective in men and
women (Moyer et al., 2002b; Ballesteros et al., 2004b),
whereas Kaner et al. (2007) found no significant reduction
in alcohol consumption for women.
METHODS
Setting
The DANHES was carried out by the National Institute of
Public Health, University of Southern Denmark in 13 munici-
palities in 2007/2008. The DANHES consisted of an internet-
based questionnaire and a health examination. The present
study was initiated after the beginning of the DANHES, and
hence it was only possible to be implemented in 9 of the 13
municipalities. A random sample of the inhabitants was
invited to participate in a health examination (n = 121,103).
The sample was drawn from the adult Danish population
(18 years or older) using the Danish Civil Registration
System, which contains information on sex, age, address, citi-
zenship and marital status for each individual (each Dane has
a unique personal identification number). A total of 12,364
individuals participated in the health examination, resulting in
a participation rate of 10% (Eriksen et al., 2011).
Participants
Recruitment for the study began January 2008 and ended
October 2008. Follow-up started June 2008 and ended in
December 2009. Participants in DANHES completed an
internet-based questionnaire containing questions on socio-
demography, self-reported health status, living conditions
and health behaviour including alcohol consumption. The
baseline questionnaire was completed at the respondent’s
home. In seven out of nine municipalities the questionnaire
was supplemented with a short readiness for health behav-
iour change questionnaire (weight, diet, smoking, alcohol),
which was added after a preliminary evaluation of the
DANHES baseline questionnaire. The alcohol questions
were beverage-specific (beer, wine, fortified wine, spirits)
and asked about consumption each day in a typical week.
Additionally, the Alcohol Use Disorder Identification Test
questions 3–10 were included (Babor et al., 2001). Persons
with a weekly alcohol consumption above the recommended
maximum drinking limits, as given by The Danish National
Board of Health (14 drinks = 168 g of alcohol for women,
21 drinks = 252 g for men)) were eligible for the study.
Dependent drinkers could be included in the study. One stan-
dard drink corresponds to 12 g of pure alcohol (Morch et al.,
2005). Heavy drinking was defined as 168/252 g of alcohol/
week or more for women and men, respectively. Binge
drinking was defined as drinking five or more drinks on a
single occasion both for men and women. Prior to interven-
tion, the participants had been attending a health examin-
ation, which took place in premises provided in the nine
municipalities and consisted of an examination of blood
pressure and resting heart rate, height, body weight and fat
percentage, waist-hip ratio, blood samples (for examination
of plasma levels of cholesterol, triglyceride, C-reactive
protein and haemoglobin A1c), bone mineral density, pul-
monary function, muscle strength, lower extremity function
and aerobic fitness (Eriksen et al., 2011). Afterwards,
participants were informed about the results of the health
examination, and then finally presented for the BMI study.
The participants were told they were being invited for the
intervention study because of their alcohol use. On the
whole, findings of the health examination were not discussed
at the BMI.
Interventions
The BMI had a duration of ~10 min and consisted of a
conversation based on the principles of MI, i.e. empathic,
respectful and collaborative approach, designed to elicit
motivation to change behaviour by asking open-ended ques-
tion (summarized as the spirit of MI) (Rollnick et al., 2010),
two pamphlets about alcohol (The Danish National Board of
Health, 2007a,b), a sheet with information about local
alcohol treatment and a brief telephone booster session 4
weeks later. The purpose of the booster session was to main-
tain the participant’s motivation to change drinking habits.
The interventionists had been instructed to carry out the call
in the spirit of MI, only as a reminder and not as a control
measure, and were instructed that the duration of the booster
session should be no more than 5 min.
The interventionists (mean age 36 years) consisted of
three nurses and two MSc Public Health candidates, one
psychologist candidate and two sociologists. Only the nurses
had previous clinical experience. They had received 2 days
of training (which is in line with Rollnick et al. who note
that the training of practitioners in BMI should take no more
than 12–15 h) (Rollnick et al., 1992), one day in the spirit of
MI and BMI elements by use of demonstration and role-play
and one day in general information about alcohol. The inter-
ventionists also participated in a midway evaluation, where
feedback was given by an expert on two audiotaped BMI.
They had been instructed to ask three pre-defined open ques-
tions (‘What do you know about the association between
heavy drinking and health?’, ‘What are you already doing to
restrain your drinking?’ and ‘What can you do more?’) and
to use scale questions [assessing importance of changing
drinking and assessing confidence to change drinking habits
(Rollnick, 1998)] during the intervention.
The control group received the same two leaflets about
alcohol and the same sheet with information about local
alcohol treatment. A pure control group, with no interven-
tion, was not included for ethical reasons.
To document whether the staff carried out the intervention
as planned, adherence with the protocol was assessed by ana-
lysing 39 BMI, which had been selected by the intervention-
ists and recorded in full length. This was done using the MI
Treatment Integrity 3.0 code (MITI) (Moyers et al., 2007).
MITI was chosen because it is a good tool for measuring
entry-level competence in MI and has been shown to be an
adequate measure of treatment integrity for MI (Pierson
et al., 2007). MITI rates interviewer behaviours by scoring of
five global variables and by counting the frequency of seven
behaviour counts. Five summary measures are derived from
this tool and comparison is made with recommended stan-
dards based upon expert opinion (Table 2) (Moyers et al.,
2007). From MITI, we used the following summary
measures: global spirit rating (summarizes the extent to
which the interviewer has a collaborative style, evokes the
use of personal reasons for change and supports their
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autonomy), percent MI adherent (summarizes the extent to
which the interviewer’s verbal behaviours are consistent or
inconsistent with an MI approach), and percent open ques-
tions, as the interventionists had been trained only in these
dimensions of MI. Two of the authors, who had attended a
one-day course in the use of MITI, independently double
coded the 39 BMI which had been recorded.
Outcome measure
Results from previous meta-analyses made us aim for a
mean between-group difference of 3–4 standard drinks (~40
g of alcohol) decrease per week in usual consumption
(Bertholet et al., 2005; Kaner et al., 2007). Outcome
measure was based on self-reported drinking and included
beverage-specific (beer, wine, fortified wine, spirits) alcohol
questions and asked about consumption each day in a typical
week. Follow-up at 6 and 12 month was conducted using an
internet-based questionnaire that participants accessed using
a link provided in an e-mail. Follow-up was furthermore
supplemented by a letter containing the questionnaire, if the
participants did not respond to the e-mail.
Power estimates
Based on the literature, reasonable reductions in the two
groups are: BMI (25%), control group (10%) (Babor et al.,
1994; Moyer and Finney, 2002a). With a power of 80% prob-
ability of detecting a 25 vs 10% difference as statistically sig-
nificant at the 5% level, approximately 100 participants
would be needed for each group (Altman, 1990). Experiences
from previous trials show that loss to follow-up must be
expected to be around 25% (Kaner et al., 2007). We expected
that ~14% of the participants in DANHES were heavy
drinkers (Ekholm et al., 2006). Assuming that 60% accepted
participation and 75% were followed up, this would give us a
population of 720 persons, hence ensuring sufficient power.
Randomization
Eligible persons were informed orally and in writing about
the study. After accepting and signing a written consent, they
drew and opened a sealed opaque envelope from a mixed
box that included equal numbers of envelopes containing a
letter with either ‘intervention group’ or ‘control group’. The
box had been prepared beforehand and sorted randomly by
the person responsible for the study. Simple randomization
was performed by the sealed envelope method. Participants
were enrolled into either BMI or control group by the
responsible staff member. Blinding was not feasible, either
for staff or for participants.
Statistical analysis
The primary and secondary analyses are based on the
intention-to-treat principle (ITT) and concern the mean
difference in changes in alcohol consumption between the
BMI and control group. Analyses were carried out using
Stata version 11.2 (StataCorp, USA). Quantitative variables
were described by the mean and standard deviation (SD), by
the median and its interquartile range or by its 95% confi-
dence interval (95% CI). In all tests, P < 0.05 was chosen as
the level of significance. A logistic regression model, with
participation in follow-up as the dependent variable, was
used to examine loss to follow-up. To examine changes over
time and to account for the multiple time measurements, data
were analysed by using a multilevel mixed model, using the
xtmixed procedure. The model examined fixed effects for
alcohol consumption, group, sex and follow-up assessment
and included a random intercept to account for clustering
within participant and a random slope that allows corre-
lations between repeated measures to change over time
(Finucane et al., 2007). The fixed effect of most interest was
the intervention effects of the BMI which indicates the differ-
ence between intervention group and control group in
change over time of alcohol consumption.
To take attrition into account, we used multiple imputation
to address missing data for participants who did not com-
plete the 6- or 12-month follow-up. Multiple imputation
allows for the uncertainty about the missing data by creating
several different plausible imputed data sets and appropri-
ately combining results obtained from each of them (we gen-
erated 20 data sets), which will often provide a more reliable
Table 1. Baseline characteristics of participants randomized to BMI or
control group in The Danish Health Examination Survey 2008
Characteristics BMI Control
Men
n (%) 191 (49) 204 (54)
Age (years)a 60 (50–65) 59 (51–65)
Alcohol intake drinks/weekb 31.1 (10.0) 32.6 (12.5)
Binge drinking, n (%)c 80 (42) 97 (48)
Education level, years n (%)
<10 9 (29) 22 (71)
10–12 47 (57) 36 (43)
13–14 41 (54) 35 (46)
15+ 71 (45) 86 (55)
Employed, n (%) 94 (47) 106 (53)
Smoking, n (%)
Daily 16 (53) 14 (47)
Heavyd 21 (53) 19 (48)
Married or cohabitation, n (%) 132 (69) 143 (70)
Motivated to reduce alcohol use, n (%)e
Yes 19 (13) 26 (17)
Yes, maybe 45 (31) 36 (24)
No 41 (28) 34 (23)
Women
n (%) 200 (51) 177 (46)
Age (years)a 58 (48–64) 56 (49–64)
Alcohol intake drinks/weekb 19.9 (5.8) 21.3 (7.7)
Binge drinking, n (%)c 37 (19) 46 (26)
Education level, years n (%)
<10 22 (65) 12 (35)
10–12 34 (44) 44 (56)
13–14 44 (51) 43 (49)
15+ 85 (56) 67 (44)
Employed, n (%) 96 (51) 91 (49)
Smoking, n (%)
Daily 9 (53) 8 (47)
Heavyd 19 (61) 12 (39)
Married or cohabitation, n (%) 140 (70) 128 (72)
Motivated to reduce alcohol use, n (%)e
Yes 20 (13) 25 (19)
Yes, maybe 35 (23) 45 (33)
No 50 (33) 36 (27)
SD, standard deviation; IQR, interquartile range.
aMedian (IQR).
bNumber of standard drinks in a typical week. Mean (SD).
cDrinking five or more drinks per occasion at least once a week.
dDefined as more than 15 cigarettes a day.
eNumbers do not sum to 100% due to missing data.
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approach than complete-case analysis in the presence of
missing data (Sterne et al., 2009). For this we used the
mi impute mvn procedure, which uses multivariate normal
regression for continuous data and assumes arbitrary miss-
ingness (Lee and Carlin, 2010). As sensitivity analyses, we
also report results from: (a) an ITT analysis assuming that
non-responders have no change in their alcohol consumption
(last observation carried forward) and (b) an analysis of all
available results without imputation of missing data (comple-
ters only analysis).
In testing agreement between the two coders, who ana-
lysed the BMI, inter-rater reliability was estimated using the
intraclass correlation coefficient (ICC). ICC assesses rating
reliability by comparing the variability of different ratings of
the same subject to the total variation across all ratings and
all subjects. The following categorization system for evaluat-
ing ICCs was used: below 0.4 = poor, 0.4–0.59 = fair, 0.6–
0.74 = good and 0.75–1.00 = excellent (Moyers et al., 2005).
RESULTS
Participant flow
Of the 12,364 persons screened, 1026 were heavy drinkers
(8.3%). Of these, 214 refused participation (21%), 19 were over-
looked by the staff (2%) and 21 did not show up for the health
examination (2%). In total, 772 persons accepted participation
(75%) and were randomly assigned into a BMI (n = 391) or
control group (n = 381). The 6-month follow-up was completed
by 670 persons (87% of enrolled participants) and the 12-month
follow-up was completed by 616 persons (80%) (Fig. 1). A total
of 366 out of 391 persons received the telephone booster session
(94%). On average, the BMI had a duration of 11 min. The dur-
ation of the telephone booster session was not recorded.
Baseline data
Men consumed a mean of 32 drinks/week and women 21
drinks/week. During the previous year, 45% of the men had
been binge drinking once a week or more often, and among
women the corresponding figure was 22%. At baseline, 251
persons (43%) answered ‘yes’ or ‘yes, maybe’ to the ques-
tion: ‘Do you want to cut down on your drinking?’, 161
answered ‘no’ (28%) and 170 did not respond (29%), (only
582 persons received this question, because only seven of
the nine municipalities received the ‘readiness for health be-
haviour change questionnaire’). Median age was 59 years,
51% were men, 40% had more than 15 years of education,
50% were employed and 70% were married or cohabiting.
Among participants, 6% were daily smokers and 9% were
heavy smokers (more than 15 cigarettes a day). There were
no significant differences between randomized groups for
any baseline characteristic (Table 1).
MITI analysis and adherence to protocol
To examine adherence to protocol, MITI summary scores as
found by the two coders, were compared with recommended
standard for beginning proficiency. For the global spirit
ratings, mean scores were respectively 3.6 (SD 0.7) and 3.8
(SD 0.5). The ratio of MI adherent to MI non-adherent utter-
ances, were respectively 69% (SD 43) and 50% (SD 51).
The ratio of open questions to open and closed questions,
were respectively 53% (SD 22) and 48% (SD 23). The ratio
of reflections to questions were respectively 0.8 (SD 0.5) and
0.6 (SD 0.4). The MITI analysis showed that the mean
global spirit ratings were above the recommended standard
for beginning proficiency. Only according to coder one, was
the ratio of open questions to open and closed questions
above the recommended standard for beginning proficiency.
Mean scores for the ratio of MI adherent to MI non-adherent
utterances fell below this standard. The ratio of reflections to
questions were below recommended standards, but it should
be noted that the interventionists did not specifically receive
training in this aspect of MI. ICC values for inter-rater
agreement were in areas of fair to good (Table 2).
With regard to the three open questions, only in 21% of
the tapes analysed, were the questions correctly phrased, i.e.
as open questions. However 44% of the interventionists who
did not phrase the questions as open, did ask about the same
themes as in the open questions, but phrased as closed ques-
tions. As regards to the scale questions, 87% used these
questions correctly.
Loss to follow-up analysis
Participants lost to follow-up (n = 103 at 6 months and n =
156 at 12 months, 17% of the sample) were compared with
those who participated in the follow-up and did not differ in
terms of baseline characteristics. The odds ratio (OR) of
being in the BMI group compared with the control group
was 0.8 (95% CI: 0.4–1.3), OR of being male was 0.9 (95%
CI: 0.4–2.0), OR of being more than 45 years, was 0.7 (95%
CI: 0.3–1.4), compared with being less than 45 years. OR of
having more than 15 years of education was 1.1 (95% CI:
0.6–1.8), compared with less than 15 years of education. OR
of being a smoker was 1.0 (95% CI: 0.5–2.0), compared
with never or former smokers. OR of living with a partner or
being married was 1.3 (95% CI: 0.7–2.4), compared with
being single. OR of consuming more than 30 drinks/week
was 1.3 (95% CI: 0.7–2.6), compared with consuming less
than 30 drinks/week.
Outcomes
Table 3 presents the intervention effects of the BMI, which
are expressed as the difference between the intervention
group and control group in change over time of alcohol con-
sumption (number of drinks/week), with and without imputa-
tion for missing values. The primary analysis using multiple
imputation showed that the difference in number of drinks/
week was 1.0 in favour of the BMI, but the difference was
not significant (95% CI: −2.15 to 0.23). The two sensitivity
analyses produced similar results. The difference between
baseline and 6-month follow-up for the control group was
–7.2 drinks/week and significant (95% CI: −8.06 to −6.36).
Corresponding figures for 12-month follow-up were −7.3
(95% CI: −8.17 to −6.32). The two sensitivity analyses pro-
duced similar results (Table 3).
Alcohol consumption by gender and group, at baseline, 6-
and 12-month follow-up, are shown in Figs. 2 and 3.
Consumption among women decreased from a mean baseline
level of 20.6–15.0 drinks/week for the control group (95% CI:
13.5–16.5) and 14.1 drinks/week for the BMI (95% CI: 12.9–
15.2) after 6 months. Consumption among men decreased
from a mean baseline level of 31.8–24.0 drinks/week for the
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Fig. 1. Participant flowchart. *After two mails and two letters and a telephone call; BMI, brief motivational intervention.
Table 2. Overview of MITI, study mean scores and inter-rater reliability
Global ratingsa Summary measures Recommended standardb
Study mean scores (SD)
Coder 1 Coder 2 ICC
Evocation
Collaboration Global spirit ratingc Average of 3.5 3.6 (0.7) 3.8 (0.5) 0.43
Autonomy/Support
Direction
Empathy
Behaviour Counts
Giving information
MI adherent % MI adherentd 90% 69% (43) 50% (51) 0.66
MI non-adherent
Closed questions % Open questionse 50% 53% (22) 48% (23) 0.69
Open questions
Simple reflections Reflection/questions ratio 1 0.8 (0.5) 0.6 (0.4) 0.62
Complex reflections % Complex reflectionsf 40% — — —
SD, standard deviation; MI, motivational interviewing; ICC, intraclass correlation coefficient;
MITI, Motivational Interviewing Treatment Integrity 3.0 code.
aAre rated on a 5-point Likert-type scale ranging from 1 (low) to 5 (high).
bRecommended standard for beginning proficiency.
cComprises the average of evocation, collaboration, autonomy/support.
dRatio of MI adherent to MI adherent and MI non-adherent statements.
eRatio of open questions to open and closed questions.
fRatio of complex reflections to simple and complex reflections.
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control group (95% CI: 21.8–26.1) and 23.1 drinks/week for
the BMI (95% CI: 21.1–25.1) after 6 months. Corresponding
figures for 12-month follow-up were almost similar
(Figs. 2 and 3).
DISCUSSION
In this randomized controlled trial, our aim was to investigate
the efficacy of a BMI in conjunction with a 5 min telephone
booster session, in an attempt to find out how ‘stripped-down’
a minimal BMI could be composed and still demonstrate effi-
cacy. We found no evidence that a BMI, as conducted by our
interventionists, was effective. No significant difference was
found between the BMI and simple information on alcohol
intake and alcohol-related problems by means of two pamph-
lets. From baseline to 6- and 12-month follow-up, alcohol
consumption declined significantly in both the BMI—and
control group with approximately seven drinks per week.
Various factors may explain why the BMI did not have
the anticipated effect: Participating in a health examination
may have motivated participants to change their health
behaviour and may have contributed to decreased alcohol
consumption in both groups, however, fewer than 50% were
motivated to change alcohol use (that is, of the subsample of
582 persons who were given questions about motivation).
The non-blinded nature of the study, the fact that the leaflets
in the control group were a minimal intervention, and assess-
ment effects (intervention effects of the research procedures)
could explain part of the reduction in the control group
(Kypri et al., 2007b). A majority of other studies have also
reported significant reductions in control groups. These
reductions may also be related to regression to the mean,
social desirability bias and historical changes in alcohol
consumption (Kypri, 2007a; Bernstein et al., 2010).
A different partial explanation for the failure to show an
advantage to BMI might be that we did not exclude depen-
dent drinkers, which was the case in many other studies of
brief interventions for alcohol.
Was the short duration of the BMI (11 min on average),
insufficient in reducing alcohol consumption? Unfortunately
our study does not permit to conclude on this, due to the
lack of a pure control group. But even though the difference
in alcohol consumption, we observed between the interven-
tion and control group cannot be regarded as relevant in a
public health setting, the reductions in the control group
merit further exploration. Instead of only looking upon this
reduction as a result of assessment effects and hence an
adverse event to be avoided, it is possible to regard the
assessment procedure (and the leaflets) as an ultra brief inter-
vention in itself (McCambridge, 2009). One could speculate,
that it was not the leaflets in itself that contributed to the
reductions in the control group, but the fact the assessment
procedure included a personal approach. A future challenge
is to isolate and identify what aspects of the assessment pro-
cedures ‘… are the most potent and make them the center-
piece of a basic intervention that is truly brief’ (Saitz et al.,
Table 3. Intervention effects on drinks/week based on random intercept and slope models with and without imputation for missing values
With multiple imputation for
missing valuesa
Without multiple imputation for
missing values (completers only)b
With simple imputation (last
observation carried forward)c
Drinks/week (95% CI) P-value Drinks/week (95% CI) P-value Drinks/week (95% CI) P-value
Intervention effects of the BMI −1.0 (−2.15, 0.23) 0.114 −1.1 (−2.36, 0.10) 0.071 −1.2 (−2.43, 0.06) 0.061
Difference between baseline and follow-up for control group
6 months −7.2 (−8.06, −6.36) <0.00 −7.3 (−8.08, −6.53) <0.00 −6.4 (−7.06, −5.69) <0.00
12 months −7.2 (−8.17, −6.32) <0.00 −7.5 (−8.40, −6.59) <0.00 −6.9 (−7.70, −6.07) <0.00
BMI, brief motivational intervention. Drinks/week, Number of standard drinks in a typical week. One Danish standard drink corresponds to 12 g of ethanol.
aBased on 20 imputed data sets.
bBased on 670 persons after 6 months and 616 persons after 12 months.
cBased on 772 persons after 6 and 12 months.
Fig. 2. Alcohol consumption at baseline and 6- and 12-month follow-up for
women. Number of standard drinks in a typical week. One Danish standard
drink corresponds to 12 g of ethanol. Mean (95% CI). Based on multiple
imputation. BMI, brief motivational intervention.
Fig. 3. Alcohol consumption at baseline, 6- and 12-month follow-up for
men. Number of standard drinks in a typical week. One Danish standard
drink corresponds to 12 g of ethanol. Mean (95% CI). Based on multiple
imputation. BMI, brief motivational intervention.
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2006). In this way an important research challenge can be
approached: to explore how brief, brief interventions can be
and still be effective (Nilsen, 2010). This is relevant,
especially because, the average duration of a brief interven-
tion was more than 20 min in the latest meta-analysis on
brief interventions (Kaner et al., 2007), and because research
indicates that longer and shorter interventions achieve similar
outcomes. As an example Wutzke et al. found that 5 min of
simple advice was as effective as 60 min of advice and coun-
selling (Wutzke et al., 2002). Furthermore a meta-analysis of
very brief (maximum duration of 15 min) single-session
personalized-feedback interventions without therapeutic
guidance found effect sizes similar to meta-analyses of
face-to-face brief interventions (Riper et al., 2009).
We used the MITI to document whether the interventionists
actually did adhere to the style prescribed. This is important
as research has shown that the use of MI non-adherent utter-
ances in BMI are related to poorer drinking outcomes (Gaume
et al., 2009). The MITI analysis showed that the delivery of a
BMI based on the principles of MI was sub-optimal, as only
the global spirit rating was above the recommended level for
beginning proficiency. The interventionists made use of fewer
open rather than closed questions and fewer MI adherent
rather than non-adherent utterances were used. With regard to
the three open questions addressed by the intervention proto-
col, adherence was not impressive, but the majority of the
interventionists used the scale questions correctly. When
interpreting these results, it must be borne in mind that the
interventionists only had received one day of training in MI
and we can conclude that exploring the full potential of a
BMI would have required more than one day of training.
Measuring outcome using self-reports of alcohol con-
sumption has demonstrated reasonable levels of accuracy,
but is also subject to some uncertainty and especially the ten-
dency of respondents to underreport their drinking (social
desirability bias) have been mentioned in the literature (Del
Boca and Darkes, 2003; Kypri, 2007a). A limitation of this
study concerns generalizability, which is questionable,
because of the under-representation of individuals with the
lowest level of education, low income and unmarried indi-
viduals in our population. Furthermore the study sample had
a median age of 59 years. Few brief alcohol interventions
have focused on older adults and evidence for this group is
limited, albeit effectiveness has been shown (Fleming et al.,
1999; Moore et al., 2011). Interest in this population is
2-fold, both because different risks are associated with heavy
drinking due to age-related physiological changes and medi-
cation use; and because it has been found that older adults
are less likely to experience harm from drinking over
‘weekly limits’ than younger (White et al., 2002). This
common knowledge, that alcohol in moderation may have
overall health benefits, could negatively have affected our
populations receptivity to a BMI, due to a low level of
concern about their alcohol use.
Generalizability is a general problem of much brief
intervention research dealing with populations which are
not representative of the population of heavy drinkers
(Edwards and Rollnick, 1997; Kypri, 2007a). This was con-
firmed by our results, which showed that in the DANHES
population, 8.3% were heavy drinkers, compared with a
20% prevalence estimated for the Danish population
(Gottlieb Hansen et al., 2011).
In this rigorously conducted trial, we succeeded in imple-
menting a BMI in a general population-based sample of
heavy drinkers. The short duration of the BMI makes it a
realistic candidate for use in primary health care and other
settings. Important caveats in this study, which could explain
the null findings, are the lack of a pure control group, the
sub-optimal quality of the interventions delivered and the
nature of the study population and setting, making it necess-
ary to exercise caution in generalizing findings to other
populations.
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Abstract
Background: Internet-based interventions for heavy drinkers show promising results, but existing research is characterized by
few studies in nonstudent adult populations and few comparisons with appropriate control groups.
Objective: To test whether a fully automated Internet-based brief personalized feedback intervention and a fully automated
Internet-based personalized brief advice intervention in a non-treatment-seeking population of heavy drinkers would result in a
reduced alcohol intake.
Methods: We conducted a 3-arm parallel randomized controlled trial in a general population-based sample of heavy drinkers.
The 54,157 participants (median age of 58 years) were screened for heavy drinking. Of the 3418 participants who had a weekly
alcohol consumption above 14 drinks for women and 21 drinks for men, 1380 (619 women) consented to take part in the trial
and were randomly assigned to an Internet-based brief personalized feedback intervention group (normative feedback, n = 476),
an Internet-based personalized brief advice intervention group (n = 450), or a nonintervention control group (n = 454). Follow-up
after 6 and 12 months included 871 and 1064 participants, respectively, of all groups combined. The outcome measure was
self-reported weekly alcohol consumption. We analyzed the data according to the intention-to-treat principle. To examine changes
over time and to account for the multiple time measurements, we used a multilevel linear mixed model. To take attrition into
account, we used multiple imputation to address missing data.
Results: The intervention effect of the Internet-based brief personalized feedback intervention, determined as the mean additional
difference in changes in alcohol consumption in the Internet-based brief personalized feedback intervention compared with the
control group, was –1.8 drinks/week after 6 months and –1.4 drinks/week after 12 months; these effects were nonsignificant (95%
confidence interval –4.0 to 0.3 at 6 months, –3.4 to 0.6 at 12 months). The intervention effect of the Internet-based personalized
brief advice intervention was –0.5 drinks/week after 6 months and –1.2 drinks/week after 12 months; these effects were
nonsignificant (95% confidence interval –2.7 to 1.6 at 6 months, –3.3 to 0.9 at 12 months).
Conclusions: In this randomized controlled trial we found no evidence that an Internet-based brief personalized feedback
intervention was effective in reducing drinking in an adult population of heavy drinkers.
Trial registration: ClinicalTrials.gov NCT00751985; http://clinicaltrials.gov/ct2/show/NCT00751985 (Archived by WebCite
at http://www.webcitation.org/68WCRLyaP)
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Introduction
Heavy alcohol intake increases the risk of numerous chronic
diseases, injuries, disabilities, and death [1]. Many drinkers who
do not meet diagnostic criteria for alcohol dependence or
harmful drinking nonetheless consume alcohol at a level or in
a pattern that increases the risk of negative health and social
consequences [2]. In Denmark, it has been estimated that 20%
of the adult population are heavy drinkers [3]; hence, the need
to detect and intervene in the early stages of heavy drinking is
obvious. Face-to-face brief interventions, which are intended
as an early intervention for non-treatment-seeking,
non-alcohol-dependent drinkers, have proven to be effective
and have been advocated as a strategy to curb heavy drinking
[4]. However, problems with feasibility and barriers to
implementation have been encountered, such as a limited
number of professionals who administer them and the difficulty
of contacting heavy drinkers [5,6]. As a consequence, there is
a gap between need and access to interventions to reduce alcohol
intake. It has been estimated that as many as 80% of problem
drinkers do not receive help due to a combination of missed
screening opportunities and the stigma associated with alcohol
treatment [7,8]. Delivering brief interventions over the Internet
may overcome some of these barriers, and Internet-based
interventions can reach individuals who are otherwise unwilling
or not motivated to seek help [9,10]. The increasing access to
the Internet in the population, currently 58% for Europe, 78%
for North America, and 30% worldwide [11], and the
well-documented demand for Internet-based interventions in
the general public [12] mean that, if delivered broadly,
Internet-based interventions could have potentially major public
health implications, the main argument being that Internet-based
interventions combine the scalability of a public health
intervention with the capacity to deliver a personalized approach
[13].
Recent systematic reviews concluded that Internet-based
interventions were more effective than minimally active
comparator groups at reducing alcohol intake, with a mean
difference of 2–3 drinks per week [14], and found small to
medium effect sizes [15-17]. However, several methodological
flaws in the reviewed trials caused the authors to state that the
ability to generalize about the efficacy and utility of
Internet-based interventions for alcohol use is impeded, and
hence it is not possible to interpret the evidence with any degree
of certainty [14,17]. Unresolved questions remain, such as the
need to establish which components of Internet-based
interventions are effective [18]. The provision of a personalized
feedback intervention that compares one’s own drinking with
peers’ actual drinking has been found to increase motivation to
change drinking by making individuals aware of discrepancies
between their personal alcohol consumption and social norms.
This approach originates in self-regulation theory and builds
on the assumption that change is triggered by creating an
awareness of a perceived discrepancy. Therefore, if heavy
drinkers find no such discrepancy, they would view their
personal behavior as being normal rather than abnormal. This
personal tailored approach, also termed normative feedback,
which tries to create behavioral change by targeting normative
misperceptions, is assumed to be more effective at reducing
drinking than is delivering standardized feedback in the form
of self-help material [16,19-22].
Some drawbacks of personalized feedback intervention studies
are small sample sizes, short-term follow-up, the existence of
few studies in nonstudent adult populations, few comparisons
with appropriate control groups, and high rates of attrition
[14,16,23]. In this study, we addressed these shortcomings by
comparing a single-session, Internet-based, brief personalized
feedback intervention with an Internet-based, personalized, brief
advice intervention against a pure control group in the context
of the Danish Health Examination Survey [24]. We sought to
determine whether these single-session interventions would
result in a decrease in alcohol use in a non-treatment-seeking
population of adult heavy drinkers. As a secondary aim, we also
sought to determine whether the Internet-based brief
personalized feedback intervention would have any
gender-specific effects, especially since differential effectiveness
between genders in non-Internet brief interventions remains
ambiguous [4,25,26] and because few Internet-based
intervention studies present data separately for men and women.
Methods
Setting
The Danish Health Examination Survey was carried out by the
National Institute of Public Health, University of Southern
Denmark, in 13 municipalities in 2007/2008. The Danish Health
Examination Survey focused primarily on diet, smoking,
alcohol, and physical activity and consisted of an Internet-based
questionnaire and a health examination. In this study, we used
data from the Internet-based questionnaire from 12 of the 13
municipalities. All adult inhabitants in 12 municipalities were
invited to complete the Internet-based questionnaire (n =
401,607). The sample was drawn from the adult Danish
population (18 years or older) using the Danish Civil
Registration System, which contains information on gender,
age, address, citizenship, and marital status for each individual
(each Danish resident has a unique personal identification
number) [27]. The questionnaire was fully or partially completed
by 54,157 participants, corresponding to 13.49% of all adults
in the 12 municipalities [24].
Recruitment
Recruitment for the study began in September 2008. Follow-up
started in February 2009 and ended in February 2010.
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Study Design
The study was a 3-arm randomized controlled trial.
Participants
Invitees to the Danish Health Examination Survey received a
letter inviting them to participate by completing an
Internet-based questionnaire containing questions on their
sociodemographic characteristics, self-reported health status,
living conditions, and health behavior including alcohol
consumption. The baseline questionnaire was completed at the
respondent’s home. In 7 of the 12 municipalities, the
questionnaire was supplemented with questions to test the
willingness of respondents to change their health behavior in
four domains: weight, diet, smoking, and alcohol (n = 33,554
completed these questions). The alcohol questions were
beverage specific (beer, wine, fortified wine, or spirits) and
asked for amount consumed each day during a typical week.
Additionally, the Alcohol Use Disorders Identification Test
questions 3–10 were included (timeframe: preceding 12 months)
[28]. Respondents who had provided an email address (75% of
the population) and whose weekly alcohol consumption was
above the recommended maximum drinking limit, as stated by
the Danish National Board of Health (14 drinks = 168 g of
alcohol for women, 21 drinks = 252 g for men), were eligible
for the study. One standard drink corresponds to 12 g of pure
alcohol [29]. Heavy drinking was defined as 168 g or more of
alcohol/week for women and 252 g/week or more for men.
Binge drinking was defined as drinking 5 or more drinks on a
single occasion both for men and women.
Interventions
The Internet-based brief personalized feedback intervention
was a fully automated, single-session intervention; it was
displayed in a single screenshot and addressed to the participant
by name. It consisted of a summary of the participant’s weekly
consumption, a comparison of the weekly consumption with
the maximum drinking limit, and a graphical comparison of the
participant’s consumption with the average level in the
municipality (gender specific). The Internet-based brief
personalized feedback intervention also included information
about the risks to health and social relationships linked to heavy
drinking, as well as links for further self-help material and a
local alcohol treatment facility (see Figure 1).
The Internet-based personalized brief advice intervention was
a fully automated single-session intervention and was displayed
in a single screenshot and addressed to the participant by name.
It informed the participant that his or her alcohol consumption
exceeded the recommended maximum drinking limit, followed
by information about the health and social risks associated with
heavy drinking, as well as links for further standardized self-help
material and a local alcohol treatment facility (see Figure
2).What distinguishes the Internet-based brief personalized
feedback intervention from the Internet-based personalized brief
advice intervention is the normative component and the
summary of the participant’s weekly alcohol consumption.
Common to the two interventions is the information on the
adverse effects of heavy drinking, advice to cut down, and links
for further material (see Multimedia Appendix 1).
Participants in the control group received a single screenshot
that explained that being randomly selected for the control group
implied no intervention and follow-up after 6 and 12 months
(see Figure 3).
Individuals who consumed less than the maximum drinking
limit did not receive any feedback or interventions.
Procedure
After completing the Internet-based Danish Health Examination
Survey questionnaire, invitees were automatically screened and
heavy drinkers were identified. Heavy drinkers received an
email inviting them to participate in the intervention study. By
clicking on a link in the email, invitees were directed to a secure
website where, after entering a username and personal access
code (provided in the Danish Health Examination Survey
invitation letter), they were directed to another website that
explained the study (see Multimedia Appendix 1). After
providing their online consent, participants were automatically
randomly assigned and directed to a new personalized website
that presented one of the interventions or control, which was
displayed immediately on the screen.
Randomization
Eligible persons were randomly assigned and enrolled into the
Internet-based brief personalized feedback intervention, the
Internet-based personalized brief advice intervention, or the
control group by the Web server software, which was
implemented by a technician who was not involved in the
recruitment process. Blinding was not feasible. Participants did
not know which of the two interventions was the intervention
of interest. Prior to randomization, all three groups were
informed about the purpose of the study and the nature of the
control group (see Multimedia Appendix 1).
Outcome Measure and Follow-up
There was one planned primary analysis: overall reduction in
alcohol use; and one post hoc secondary analysis:
gender-specific reductions in alcohol use. The outcome measure
was specified a priori and was based on self-reported drinking
each day during a typical week and included beverage-specific
questions (beer, wine, fortified wine, and spirits). The follow-up
at 6 and 12 months contained the same alcohol items included
in the baseline questionnaire and was conducted using an
Internet-based questionnaire that participants accessed using a
link provided in an email. The follow-up at 12 month was also
supplemented by a letter containing the questionnaire, which
the participants could answer if they did not respond to the
email.
Power Estimates
The sample size was calculated based on a meta-analysis of
Internet-based interventions, in which a mean difference of 2–3
drinks (26 g of alcohol) per week was found [14], and based on
non-Internet-based interventions meta-analyses, where a 12%
to 15% reduction in the previous week’s alcohol consumption
was found, relative to a baseline consumption of approximately
300 g/week [4,30]. We anticipated a decrease in alcohol
consumption of approximately 15% for the Internet-based brief
personalized feedback intervention, 10% for the Internet-based
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personalized brief advice intervention, and 5% for the control
group. Decreases in control groups in Internet-based
interventions and non-Internet-based interventions have been
substantial. However, this decrease has not been quantified in
meta-analyses due to the highly variable content of control
groups in both Internet-based interventions and face-to-face
brief interventions [31]. Assuming that the standard deviation
was equal to a third of the expected baseline consumption, we
estimated that 182 participants in each group would be needed
to give the trial 80% power to detect an effect of the
Internet-based brief personalized feedback intervention versus
the control group of this size at the 5% level of significance.
To detect an effect of the Internet-based personalized brief
advice intervention versus the control group, we estimated that
726 participants in each group would be needed. A target sample
size of more than 1200 enrollees was deemed necessary to allow
for substantial attrition.
Statistical Analysis
The primary and secondary analyses were based on the
intention-to-treat principle and concerned the mean difference
in changes in alcohol consumption between the two intervention
groups and the control group.
We carried out analyses using Stata version 11.2 (StataCorp
LP, College Station, TX, USA). Quantitative variables were
described by the mean and standard deviation, by the median
and its interquartile range, or by its 95% confidence interval
(CI). In all tests, we chose P < .05 as the level of significance.
The residuals were approximately normally distributed. Hence,
to examine changes over time and to account for the multiple
time measurements, we analyzed data by using a multilevel
mixed model, using the xtmixed procedure. The model examined
fixed effects for alcohol consumption, group, gender, and month
and a random intercept to account for clustering within each
participant. The model also included an interaction term between
intervention group and month, allowing for differences in the
intervention effect between follow-up assessments [32]. The
fixed effect of most interest was the month × group interaction
effect, which indicated the difference between intervention
groups and the control group as a change in alcohol consumption
over time.
The Kruskal-Wallis nonparametric test for continuous variables
was used to compare the three groups in the secondary analyses.
For the loss to follow-up analysis, we used the chi-square test
and the Kruskal-Wallis nonparametric test for continuous
variables to compare the baseline characteristics between those
followed up and those lost to follow-up. In a preplanned
analysis, we used multiple imputation to take attrition into
account for participants who did not complete the 6- or
12-month follow-up. Multiple imputation allows for the
uncertainty about the missing data by creating several different
plausible imputed data sets and appropriately combining results
obtained from each (we generated 20 data sets), which often
provides a more reliable approach than complete case analysis
in the presence of missing data [23,33]. For this we used the mi
impute mvn procedure, which uses multivariate normal
regression for continuous data and assumes that data are missing
at random [34]. As sensitivity analyses, we also report results
from (1) an analysis of all available results without the
imputation of missing data (completers-only analysis), and (2)
an analysis with simple imputation (last observation carried
forward) assuming that nonresponders had no change in their
alcohol consumption.
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Figure 1. Screenshot of the Internet-based brief personalized feedback intervention.
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Figure 2. Screenshot of the Internet-based personalized brief advice intervention.
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Figure 3. Screenshot of the control group condition.
Results
Participant Flow
Of the 54,157 screened individuals, 3418 (6.31%) were heavy
drinkers. Of these, 785 (23.0%) declined participation, and 1215
(35.6%) did not respond to the invitation email. In total, 1380
(40.37%) individuals accepted participation and were randomly
assigned into the Internet-based brief personalized feedback
intervention (n = 476), the Internet-based personalized brief
advice intervention (n = 450), or the control group (n = 454).
The 6-month follow-up was completed by 871 (63.1% of
enrolled participants) individuals and the 12-month follow-up
was completed by 1064 (77.10%) individuals (Figure 4).
Baseline Data
At baseline, men consumed a mean of 32 drinks/week and
women 21 drinks/week. During the previous year, 49.9% (n =
380) of the men had been binge drinking once a week or more
often, while among women the corresponding figure was 25.5%
(n = 158) (Table 1). At baseline, 384 (46.2%) individuals
answered “yes” or “yes, maybe” to the question “Do you want
to cut down on your drinking?”, 319 (38.4%) answered “no”,
and 128 (15.4%) did not respond (831 individuals received this
question). The median age was 58 years, 55.1% (n = 761) were
men, 51.7% (n = 714) had more than 15 years of education,
53.1% (n = 733) were employed, and 69.6% (n = 961) were
married or cohabiting. Among the participants, 10% (n = 139)
were daily smokers and 12% (n = 161) were heavy smokers
(more than 15 cigarettes a day). There were no significant
differences between randomized groups for any baseline
characteristic.
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Table 1. Baseline characteristics of participants randomly assigned to Internet-based brief personalized feedback intervention (PFI), Internet-based
personalized brief advice intervention (PBA), or control group in The Danish Health Examination Survey 2008.
ControlPBAPFICharacteristic
Men
244246271No.
60 (51–65)59 (49–65)61 (50–66)Age (years), median (IQRa)
31.3 (10.3)32.7 (14.0)32.8 (16.9)Alcohol intake (drinks/week)b, mean (SD)
125 (51.2%)118 (48.0%)137 (50.5%)Binge drinking, n (%)c
Education level (years), n (%)
10 (4%)19 (8%)11 (4%)<10
59 (24%)55 (22%)65 (24%)10–12
55 (23%)50 (20%)45 (17%)13–14
118 (48.3%)117 (47.5%)149 (54.9%)15+
144 (59.0%)121 (49.1%)146 (53.8%)Employed, n (%)
Smoking, n (%)
23 (9%)29 (12%)31 (11%)Daily
26 (11%)29 (12%)40 (15%)Heavyd
185 (75.8%)172 (69.9%)198 (73.1%)Married or cohabiting, n (%)
Motivated to reduce alcohol use, n (%)e
22 (9%)26 (11%)19 (7%)Yes
47 (19%)41 (17%)53 (20%)Yes, maybe
57 (23%)56 (23%)56 (21%)No
Women
210204205No.
56 (44–62)56 (46–63)54 (41–62)Age (years), median (IQR)
21.3 (8.2)21.5 (9.0)20.9 (7.0)Alcohol intake (drinks/week), mean (SD)
53 (25%)55 (27%)50 (24%)Binge drinking, n (%)
Education level (years), n (%)
12 (6%)10 (5%)10 (5%)<10
45 (21%)41 (20%)55 (27%)10–12
41 (20%)39 (19%)32 (16%)13–14
111 (52.9%)112 (54.9%)107 (52.2%)15+
99 (47%)116 (56.9%)107 (52.2%)Employed, n (%)
Smoking, n (%)
17 (8%)19 (9%)20 (8%)Daily
22 (10%)18 (9%)26 (13%)Heavy
142 (67.6%)135 (66.2%)129 (62.9%)Married or cohabiting, n (%)
Motivated to reduce alcohol use, n (%)
23 (11%)21 (10%)24 (12%)Yes
43 (20%)32 (16%)33 (16%)Yes, maybe
53 (25%)48 (24%)49 (24%)No
a Interquartile range.
b Number of standard drinks in a typical week.
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c Drinking 5 or more drinks per occasion at least once a week.
d Smoking more than 15 cigarettes a day.
e Numbers do not sum to 100% due to missing data.
Loss to Follow-up Analysis
We compared participants lost to follow-up (n = 509, 37% at 6
months and n = 316, 23% at 12 months) by intervention group
with those who participated in the follow-up in terms of baseline
characteristics.
Participants lost to follow-up were significantly more likely to
be heavy smokers, less likely to have a high level of education
(15+ years), and more likely to have a low level of education
(10–12 years). Furthermore, participants lost to follow-up were
more likely to be unmotivated to cut down their drinking (Table
2 and Table 3).
Table 2. Comparison of characteristics of participants randomly assigned to Internet-based brief personalized feedback intervention (PFI), Internet-based
personalized brief advice intervention (PBA), or control group at baseline between those followed up after 6 months and those lost at 6-month follow-up.a
Lost to follow-up at 6 monthsFollowed up after 6 monthsCharacteristic
P
valued
Control
(n = 151)
P
valuec
PBA
(n = 170)
P
valueb
PFI
(n = 188)
Control
(n = 303)
PBA
(n = 280)
PFI
(n = 288)
.6779 (52%).7191 (54%).57110 (58.5%)165 (54.5%)155 (55.4%)161 (55.9%)Men, n (%)
72 (48%)79 (47%)78 (42%)138 (45.5%)125 (44.6%)127 (44.1%)Women, n (%)
.0456 (46–63).8957 (47–65).4658 (47–65)60 (48–64)58 (48–64)58 (46–65)Age (years), median (IQR)e
.3527.9 (12.9).4327.0 (13.7).8527.1 (11.1)26.1 (9.6)27.9 (12.9)28.0 (16.7)Alcohol intake, mean (SD)f
.9859 (39%).0556 (33%).8573 (39%)119 (39.3%)117 (41.8%)114 (39.6%)Binge drinking, n (%)g
.65.28.03Education level (years), n (%) h
7 (5%)12 (7%)8 (4%)15 (5%)17 (6%)13 (5%)<10
40 (26%)44 (26%)54 (29%)64 (21%)52 (19%)66 (23%)10–12
30 (20%)33 (19%)39 (21%)66 (22%)56 (20%)38 (13%)13–14
73 (48%)79 (47%)86 (46%)156 (51.5%)150 (53.6%)170 (59.0%)15+
.3086 (57%).3785 (50%).8098 (52%)157 (51.8%)152 (54.3%)155 (53.8%)Employed, n (%)
.12.01.02Smoking, n (%)
12 (8%)10 (6%)20 (11%)28 (9%)38 (14%)31 (11%)Daily
23 (15%)26 (15%)37 (20%)25 (8%)21 (8%)29 (10%)Heavyi
.28108 (71.5%).12117 (68.8%).04124 (66.0%)219 (72.3%)190 (67.9%)203 (70.5%)Married or cohabiting, n (%)
.47.56.02Motivated to reduce alcohol use, n (%) h
36 (41%)36 (38%)42 (38%)99 (48%)84 (47%)87 (56%)“Yes” or “yes, maybe”
34 (39%)35 (37%)50 (45%)76 (37%)69 (39%)55 (36%)“No”
a P values for categorical variables by chi-square test and for continuous variables by Kruskal-Wallis test.
b Participants in the PFI group who participated in follow-up versus those lost to follow-up.
c Participants in the PBA group who participated in follow-up versus those lost to follow-up.
d Participants in the control group who participated in follow-up versus those lost to follow-up.
e Interquartile range.
f Number of standard drinks in a typical week.
g Drinking 5 or more drinks per occasion at least once a week.
h Numbers do not sum to 100% due to missing data.
i Smoking more than 15 cigarettes a day.
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Table 3. Comparison of characteristics of participants randomly assigned to Internet-based brief personalized feedback intervention (PFI), Internet-based
personalized brief advice intervention (PBA), or control group at baseline between those followed up after 12 months and those lost at 12-month
follow-up.a
Lost to follow-up 12 monthsFollowed up after 12 monthsCharacteristic
P
valued
Control
(n = 96)
P
valuec
PBA
(n = 109)
P
valueb
PFI
(n = 111)
Control
(n = 358)
PBA
(n = 341)
PFI
(n = 365)
.4148 (50%).1553 (49%).7962 (56%)196 (54.8%)193 (56.6%)209 (57.3%)Men, n (%)
48 (50%)56 (51%)49 (44%)162 (45.3%)148 (43.4%)156 (42.7%)Women, n (%)
<.0154 (44–61).1155 (46–63).6957 (47–64)60 (49–65)58 (48–65)58 (47–65)Age (years), median (IQR)e
.8027.9 (12.8).4728.0 (12.3).7227.6 (11.5)26.4 (9.9)27.5 (13.5)27.7 (15.6)Alcohol intake, mean (SD)f
.0347 (49%).7040 (37%).3448 (43%)131 (36.6%)133 (39.0%)139 (38.1%)Binge drinking, n (%)g
.09.10<.01Education level (years), n (%) h
3 (3)7 (6)8 (7)19 (5)22 (6)13 (4%)<10
27 (28)30 (28)33 (30)77 (22)66 (19)87 (24%)10–12
26 (27)26 (24)27 (24)70 (20)63 (18)50 (14%)13–14
39 (41%)45 (41%)43 (39%)190 (53.1%)184 (54.0%)213 (58.4%)15+
.0759 (61%).7059 (54%).6557 (51%)184 (51.4%)178 (52.2%)196 (53.7%)Employed, n (%)
.44.23.02Smoking, n (%)
5 (5%)9 (8%)13 (12%)35 (10%)39 (11%)38 (10%)Daily
12 (13%)17 (16%)25 (23%)36 (10%)30 (9%)41 (11%)Heavyi
.7069 (72%).8176 (70%).1969 (62%)258 (72.1%)231 (67.7%)258 (70.7%)Married or cohabiting, n (%)
.26.07.02Motivated to reduce alcohol use, n (%) h
23 (40%)29 (47%)21 (33%)112 (48%)91 (43%)108 (53%)“Yes” or “yes, maybe”
25 (44%)15 (24%)31 (49%)85 (36%)89 (42%)74 (36%)“No”
a P values for categorical variables by chi-square test and for continuous variables by Kruskal-Wallis test.
b Participants in the PFI group who participated in follow-up versus those lost to follow-up.
c Participants in the PBA group who participated in follow-up versus those lost to follow-up.
d Participants in the control group who participated in follow-up versus those lost to follow-up.
e Interquartile range.
f Number of standard drinks in a typical week.
g Drinking 5 or more drinks per occasion at least once a week.
h Numbers do not sum to 100% due to missing data.
i Smoking more than 15 cigarettes a day.
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Figure 4. Flow of participants through the study. PBA = Internet-based personalized brief advice intervention, PFI = Internet-based brief personalized
feedback intervention. aFollow-up took place by means of two emails. bNo response and declined are subsets of lost to follow-up. c Follow-up took
place by means of two emails and two letters.
Outcomes
Table 4 and Table 5 present the intervention effects of the
Internet-based brief personalized feedback intervention and the
Internet-based personalized brief advice intervention, with and
without imputation for missing values. The intervention effects
indicate the additional difference in change in alcohol
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consumption in the intervention groups compared with the
control group.
In the primary analysis, using multiple imputation, the
intervention effects of the Internet-based brief personalized
feedback intervention were –1.8 drinks/week after 6 months
and –1.4 drinks/week after 12 months and were nonsignificant
(95% CI –4.0 to 0.3 at 6 months, –3.4 to 0.6 at 12 months). The
intervention effects of the Internet-based personalized brief
advice intervention were –0.5 drinks/week after 6 months and
–1.2 drinks/week after 12 months and were nonsignificant (95%
CI –2.7 to 1.6 at 6 months, –3.3 to 0.9 at 12 months).
A sensitivity analysis without multiple imputation for missing
values (completers-only analysis) showed that the intervention
effects of the Internet-based brief personalized feedback
intervention were –3.9 drinks/week after 6 months and –2.3
drinks/week after 12 months; these effects were significant (95%
CI –5.8 to –2.0 at 6 months, –4.1 to –0.5 at 12 months). The
Internet-based personalized brief advice intervention had no
significant intervention effects.
A sensitivity analysis with simple imputation (last observation
carried forward) yielded similar results to the completers-only
analysis, but the differences were less pronounced.
For the control group, the overall difference between the
baseline and 6-month follow-up was –4.6 drinks/week, and this
difference was significant (95% CI –6.1 to –3.1). Corresponding
figures for 12-month follow-up were –5.5 (95% CI –7.0 to –4.1).
The two sensitivity analyses produced similar results (Table 4
and Table 5).
Table 4. Intervention effects on drinks/week based on random intercept model with and without imputation for missing values.
Without multiple imputation
for missing valuesb
With multiple imputation
for missing valuesa
P value95% CIDrinks/weekP value95% CIdDrinks/weekc
Intervention effects of the PFI e (month × group interaction)
<.001–5.8 to –2.0–3.9.09–4.0 to 0.3–1.86 months
.01–4.1 to –0.5–2.3.16–3.4 to 0.6–1.412 months
Intervention effects of the PBA f (month × group interaction)
.17–3.3 to 0.6–1.4.62–2.7 to 1.6–0.56 months
.10–3.3 to 0.3–1.5.28–3.3 to 0.9–1.212 months
Difference between baseline and follow-up for control group
<.001–6.1 to –3.4–4.8<.001–6.1 to –3.1–4.66 months
<.001–7.1 to –4.6–5.8<.001–7.0 to –4.1–5.512 months
a Based on 20 imputed datasets.
b Based on 871 individuals after 6 months and 1064 after 12 months.
c Mean number of standard drinks in a typical week.
d Confidence interval.
e Internet-based brief personalized feedback intervention.
f Internet-based personalized brief advice intervention.
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Table 5. Intervention effects on drinks/week based on random intercept model with simple imputation for missing values (last observation carried
forward).a
P value95% CIcDrinks/weekb
Intervention effects of the PFI d (month × group interaction)
<.001–4.0 to –1.0–2.56 months
.01–3.4 to –0.5–2.012 months
Intervention effects of the PBA e (month × group interaction)
.27–2.3 to 0.6–0.86 months
.11–2.7 to 0.3–1.212 months
Difference between baseline and follow-up for control group
<.001–4.0 to –1.9–2.96 months
<.001–5.9 to –3.8–4.812 months
a Based on 1380 individuals after 6 and 12 months.
b Mean number of standard drinks in a typical week.
c Confidence interval.
d Internet-based brief personalized feedback intervention.
e Internet-based personalized brief advice intervention.
Figure 5 and Figure 6 show secondary post hoc analyses
comprising descriptive statistics for alcohol consumption, by
gender and group, at baseline and at 6- and 12-month follow-ups
using multiple imputation. Consumption among women
decreased from a mean baseline level of 21.0 drinks/week to
16.7 drinks/week for the control group (95% CI 14.7–18.8),
16.0 drinks/week for the Internet-based brief personalized
feedback intervention (95% CI 14.2–17.9), and 17.0 for the
Internet-based personalized brief advice intervention (95% CI
14.6–19.5) after 6 months (Figure 5). Consumption among men
decreased from a mean baseline level of 32.0 drinks/week to
26.7 drinks/week for the control group (95% CI 25.0–28.4),
25.1 drinks/week for the Internet-based brief personalized
feedback intervention (95% CI 23.2–27.1), and 26.9 drinks/week
for the Internet-based personalized brief advice intervention
(95% CI 24.9–28.8) after 6 months (Figure 6). Figures for the
12-month follow-up were approximately similar (Figure 5 and
Figure 6).
When analyzing only those who participated in follow-up
(completers-only analysis), we observed significant differences
between men and women. Figure 7 and Figure 8 show that the
Internet-based brief personalized feedback intervention seemed
to have a significant effect only on men, with a difference of
3.5 drinks/week between the Internet-based brief personalized
feedback intervention and the control group at 6-month
follow-up (P = .01) (Figure 8).
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Figure 5. Alcohol consumption at baseline and at 6- and 12-month follow-ups for women based on multiple imputation. Error bars indicate 95%
confidence interval. Drinks/week = mean number of standard drinks in a typical week, PBA = Internet-based personalized brief advice intervention,
PFI = Internet-based brief personalized feedback intervention.
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Figure 6. Alcohol consumption at baseline and at 6- and 12-month follow-ups for men based on multiple imputation. Error bars indicate 95% confidence
interval. Drinks/week = mean number of standard drinks in a typical week, PBA = Internet-based personalized brief advice intervention, PFI =
Internet-based brief personalized feedback intervention.
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Figure 7. Alcohol consumption at baseline and at 6- and 12-month follow-ups for women based on completers-only analysis. n = 390 after 6 months
and 466 after 12 months. Error bars indicate 95% confidence interval. Drinks/week = mean number of standard drinks in a typical week, PBA =
Internet-based personalized brief advice intervention, PFI = Internet-based brief personalized feedback intervention.
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Figure 8. Alcohol consumption at baseline and at 6- and 12-month follow-ups for men based on completers-only analysis. n = 481 after 6 months and
598 after 12 months. Error bars indicate 95% confidence interval. Drinks/week = mean number of standard drinks in a typical week, PBA = Internet-based
personalized brief advice intervention, PFI = Internet-based brief personalized feedback intervention. *P value for difference between PFI and control
group (Kruskal-Wallis test).
Discussion
Key Findings
In this randomized controlled trial, the primary analysis provided
no evidence that an Internet-based brief personalized feedback
intervention was effective in reducing drinking in an adult
population of heavy drinkers. The intervention effect of the
Internet-based brief personalized feedback intervention was
approximately 2 drinks/week and nonsignificant, but highly
significant in the sensitivity analyses with an intervention effect
of approximately 3 drinks/week for the Internet-based brief
personalized feedback intervention. In a post hoc secondary
completers analysis of men, we found a significant difference
of 3.5 drinks/week between the Internet-based brief personalized
feedback intervention and the control group at the 6-month
follow-up. However, it must be stressed that when interpreting
the results from the completers analysis, we are dealing with a
self-selected sample and no longer an unbiased sample from a
randomized trial, and hence no clear conclusions regarding the
efficacy of the intervention can be drawn. From baseline to 6-
and 12-month follow-ups, alcohol consumption declined
significantly in both intervention groups and the control group
by approximately 6 drinks/week.
Possible Mechanism and Explanations for the Findings
When interpreting these results, other factors must be borne in
mind that could have contributed to the null findings.
Participating in a health examination survey may have motivated
participants to change their health behavior, which may have
contributed to the decrease in alcohol consumption. Of particular
interest in this context is the fact that 46% were motivated to
change their alcohol consumption, while 38% were not (that is,
of the subsample of 831 persons who were given questions
about motivation). The nonblinded nature of the study, and
hence the assessment effects (intervention effects of the research
procedures), could also explain part of the significant reductions
in all groups from the baseline to follow-up [35,36]. These
reductions could also be related to regression to the mean, social
desirability bias, and historical changes in alcohol consumption.
The implications of the above-mentioned effects, if they
occurred, are important because, when assessment has a
therapeutic benefit or when regression to the mean occurs, the
experimental contrast can blur. This is particularly important
for brief interventions, where effect sizes are modest [37]. The
above-mentioned effects may have biased the results towards
the null and hence the intervention effect may be underestimated
[38]. It should also be noted that the null finding for the
Internet-based personalized brief advice intervention must be
interpreted in light of the insufficient sample size to detect an
effect of the Internet-based personalized brief advice
intervention.
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Results in Relation to Other Studies
The null finding in our study is not unusual and mirrors the
findings in two recently published trials [39,40]. However, these
trials did not include a pure control group, and their intervention
websites were somewhat more extensive than the Internet-based
brief personalized feedback intervention and Internet-based
personalized brief advice intervention used in our study. In fact,
many studies have used much more extensive interventions than
the very brief Internet-based brief personalized feedback
intervention we used. For example, Riper et al used a
multicomponent, interactive self-help intervention with a
recommended treatment period of 6 weeks [41]. Other studies,
such as that of Cunningham et al, recruited participants from a
general population telephone survey, which differs from our
recruitment procedure by way of a health examination survey
[42]. This is likely to have implications for the study population,
with regard to generalizability, as a sample of problem drinkers
recruited through a telephone survey could be hypothesized to
display a broader spectrum of alcohol problems than would a
sample from a health examination survey with an emphasis on
lifestyle issues in relation to diet, smoking, alcohol, and physical
activity [43]. The short duration of our interventions could
explain why our study’s findings differ from those of three
recent meta-analyses, which concluded that brief interventions
based on normative feedback are more effective than those that
do not include these features [14-16]. Riper et al found an effect
size (Cohen d) of 0.22 (95% CI 0.16–0.29) for brief,
single-session personalized feedback interventions [16], and
Webb et all observed small but significant effects on behavior
for interventions that provided automated tailored feedback,
with an effect size (Cohen d) of 0.18 (95% CI 0.07–0.28) [15].
In terms of amount, a systematic review found a mean difference
of 26 g of alcohol between computer-based interventions and
minimally active comparator groups [14].
Strengths and Limitations of the Study
In this rigorously conducted trial, we succeeded in implementing
an Internet-based intervention in a general population-based
sample of heavy drinkers. The naturalistic setting of the trial
(ie, participants accessed the intervention in their own homes)
increases confidence in the generalizability of the results [18,42].
Another strength of the naturalistic trial design is that it
elucidates important feasibility aspects of reaching a
non-treatment-seeking population of heavy drinkers by email.
Knowing that 36% of the invitees did not respond to the
invitation email and that 23% declined participation is applicable
knowledge when designing and disseminating similar
interventions.
Our aim was to investigate how minimal an Internet-based
intervention can be while still having an impact on drinking.
Thus, the interventions were displayed in a single screenshot
immediately after the participants had provided their online
consent, and we avoided the problem of knowing whether the
participants randomly assigned to the interventions actually
used the interventions [42].
Due to our design with two intervention groups and a pure
control group, this study partially supports our hypothesis that
the active component in our interventions is feedback regarding
one’s own drinking relative to normative standards, at least in
the sensitivity analyses. This knowledge can be used in the
design of future alcohol interventions. Knowing the mechanism
of change would be an important contribution to the
Internet-based interventions field, as the existing research in
this area has been focused on college samples [44].
Attrition (37% at 6 months and 23% at 12 months) is an area
of concern in our study, as it could introduce a selection bias,
thereby causing imbalance among the previously randomized
groups and threatening internal validity. This was partly
confirmed by our analysis, which revealed differential attrition.
Participants lost to follow-up from the Internet-based brief
personalized feedback intervention group were more likely to
be unmotivated to cut down on their drinking. Furthermore,
participants lost to follow-up were more likely to be heavy
smokers and to have a low level of education. The importance
of dealing with this complicated picture of differential attrition
is underlined by the sensitivity analyses, which revealed that
an analysis of completers only, or an analysis using last
observation carried forward, will probably overestimate the
treatment effects. By using multiple imputation in our main
analysis, we have provided a plausible estimate of the possible
result if no attrition had occurred. The generalizability of the
present findings is restricted due to the underrepresentation of
individuals with the lowest level of education, unmarried
individuals, and younger individuals in our population.
However, generalizability is a common problem in much brief
intervention research that deals with populations that are not
representative of the population of heavy drinkers [37,45]. This
was confirmed by our results, which showed that in the Danish
Health Examination Survey population, 6% were heavy drinkers,
compared with a 20% prevalence estimated for the Danish
population as a whole [3]. Due to our recruitment of participants
from a sample in which almost everyone had Internet access,
Internet and computer literacy were high in our sample. When
generalizing to the Danish population, the fact that 86% of
Danes have Internet access should be borne in mind. The results
must also be interpreted in consideration the possibility that the
use of a health examination survey to proactively enlist heavy
drinkers (who were not seeking help) may have resulted in a
preponderance of heavy drinkers with low levels of
alcohol-related harm.
We relied on measuring outcome using self-reports of alcohol
consumption, which is a method that has demonstrated
reasonable levels of accuracy [37,46]. We tried to minimize the
bias of underreporting by asking beverage-specific questions,
which has been shown to yield higher volumes of alcohol
consumption than questions that only ask for total alcohol
consumption [47].
Conclusions
In this Internet-based study, we compared the efficacy of
personalized brief advice and personalized normative feedback
against a pure control group in a non-treatment-seeking
population of adult heavy drinkers. The main analysis lends no
support to the efficacy of personalized normative feedback or
personalized brief advice. However, on the grounds of the
sensitivity analyses, we cautiously conclude that the
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personalization in conjunction with the normative feedback
enhanced attention to the message in the Internet-based brief
personalized feedback intervention and thus gave an indication
of decreased alcohol consumption in the Internet-based brief
personalized feedback intervention group. It seems that the
potential of encouraging people to become more aware of the
level and consequences of their drinking, and how their drinking
behaviors compare with those of others in a similar social or
demographic group, is an applicable insight, in both medical
and public health settings, when it comes to reducing heavy
drinking.
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